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LARVAL FOODPLANTS OF EULIINI 
(LEPIDOPTERA: TORTRICIDAE): 

FROM ABIES TO VITIS 

John W. Brown 1 and Steven Passoa 2 

Systematic Entomology Laboratory, PSI 
Agricultural Research Service 
U.S. Department of Agriculture 
% National Museum of Natural History, MRC 168 
Washington, DC 20560 
2 U.S. Department of Agriculture 
Animal and Plant Health Inspection Service, PPQ 
The Ohio State University 
Museum of Biological Diversity 
Columbus, OH 43212 

Abstract .—A list of larval foodplants for members of the tortricid tribe Euliini was compiled 
based on a literature search, label data of museum specimens, and the U.S. Department of 
Agriculture pest interception database. Of the 70 genera included in the tribe, larval foodplants 
are known for one or more species of only 11 genera, Several polyphagous genera (e,g„ Proeulia, 
Chileula, Bonagota) include pests of cultivated plants, particularly in Chile, Argentina, and 
Uruguay. Foodplant records for most Euliini indicate polyphagous feeding habits at both the 
generic and species levels. Only a few genera deviate from this pattern: Apolychrosis and Apo- 
tomops are restricted to Coniferae, and Anopina and Dorithia appear to be leaf-litter feeders. 
Although most Tortricinae are leaf-rollers, many Euliini feed externally on the surface of fruit 
and sometimes bore into foodplant tissue. 

Key Words. —Insecta, Lepidoptera, Tortricidae, Euliini, pest, foodplant, Neotropical, Proeulia, 
Citrus, Vitis, Prunus. 


The tortricid tribe Euliini includes more than 340 described species distributed 
primarily in the New World tropics. Among its members are pests of citrus, 
grapes, kiwi, stone fruits, pines, and numerous other cultivated and ornamental 
plants. As is true of most neotropical tortricids, knowledge of the life histories of 
most Euliini is lacking. 

We compiled records of larval foodplants of Euliini from three sources. 1) Six 
literature databases were searched, including AGRICOLA (1970-June 1997), 
CRIS/ICA (March 1997), Biological Abstracts (1980-June 1997), CAB Abstracts 
(1972-April 1997), Zoological Record (1978-June 1997), and AGRIS (1975-May 
1997). 2) Specimens were examined for foodplant data at the National Museum 
of Natural History, Smithsonian Institution (USNM) and the Essig Museum of 
Entomology, University of California, Berkeley (UCB). 3) The U.S. Department 
of Agriculture (USDA), Animal and Plant Health Inspection Service (APHIS) 
pest interception database was queried. The latter includes records of taxa inter¬ 
cepted at U.S. ports and/or sent to taxonomists (e.g., ARS specialists or APHIS 
identifiers) for determination. These efforts represent a fairly comprehensive re¬ 
view of available information and resulted in records of larval foodplants for one 
or more species of 11 of the 70 genera included in the tribe. 

The term “foodplant” refers to any plant that larvae of Euliini have been 
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discovered feeding upon in the field. The first mention of each common name of 
a plant species is accompanied by its scientific name, author, and family; there¬ 
after, only the common name is given. Latin and common names of plants and 
familial assignments follow Brako, Rossman & Farr (1995). Table 1 lists all food- 
plants we found arranged in alphabetical order by genus and then by species, 
along with their associated euliine hervibore(s). 

Anopina Obraztsov 

Data from rearing studies (J. A. Powell, unpubl.) suggest that larvae of Anopina 
triangulana (Kearfott) feed on leaf fitter. This conclusion is based on thorough 
collections of larval microlepidoptera in California in which larvae of Anopina 
are absent on living plant material at locations where adults are relatively com¬ 
mon. Powell (1964) successfully reared this species from egghatch to maturity on 
willow ( Salix sp.; Salicaceae), and more recently on dead leaves and synthetic 
medium (codling moth diet). The only record of a field collected larva is found 
on a genitalic slide of A. ednana (Kearfott) from Bar Harbor, Maine, bearing the 
data “specimens reared from white birch” ( Betula populifolia Marsh.; Betulaceae) 
(USNM). 


Apolychrosis Amsel 

In his description of A. schwardtfegeri, Amsel (1962) listed Pinus ayacahuite 
Ehrenb. and P. tenuifolia Benth. (which is a synonym of P. maximinoi H. E. 
Moore) (Pinaceae) as larval foodplants of the species in Guatemala. Pogue (1986) 
cited Pseudotsuga macrolepis Flous and Abies religiosa Schl. & Cham. (Pinaceae) 
as foodplants of A. ferruginus Pogue in Mexico; Pinus leiophylla Schiede & 
Deppe and Cupressus benthamii (Klotzsch) Maters (Cupressaceae) as foodplants 
of A. ambogonium Pogue in Mexico; Pinus rudis Endl. and P. chiapensis (Mar¬ 
tinez) Andresen as foodplants of A. Candidas Pogue in Mexico; and Abies reli¬ 
giosa, Pinus montezumae Lamb., P. ayacahuite, P. rudis, P. hartwegii Lindl., and 
Abies sp. as foodplants of A. synchisis Pogue in Mexico. Larvae were reared 
primarily from second-year cones. 

Apotomops Powell 

Prentice (1965) indicates that Apotomops wellingtoniana (Kearfott) is a “soli¬ 
tary defoliator” in southern Canada (British Columbia to Nova Scotia). He lists 
silver fir ( Abies amabilis Douglas ex Forbes; Pinaceae) (4 records), western hem¬ 
lock ( Tsuga heterophylla (Raph.) Sarg.; Pinaceae) (4 records), mountain hemlock 
(Tsuga mertensiana (Bong.) Carriere; Pinaceae) (1 record), and spruce ( Picea sp.; 
Pinaceae) (1 record) as foodplants for this species. 

Bonagota Razowski 

Label data of the holotype of Bonagota cranaodes (Meyrick) from Argentina 
indicate that it was reared from Mimosa (Fabaceae) (Clarke 1963). Specimen label 
data (USNM) indicate that B. cranaodes is a general feeder in Uruguay, having 
been reared from acacia (Acacia longifolia (Andr.) Willd.; Fabaceae), alfalfa 
(Medicago sativa L.; Fabaceae), pear (Pyrus communis L.; Rosaceae), Aliophyllus 
edulis (Camb.) Radi. (Sapindaceae), Japanese honeysuckle (Lonicera japonica 
Thunb.; Caprifoliaceae), pepper-tree (Schinas longifolia (Lindl.) Speg.; Anacar- 



Table 1. Euliine Species by Host Plant. Plants arranged in alphabetic order (USNM = National Museum of Natural History, UCB = University of California, 
Berkeley). 


Plant species 

Moth species 

Moth distribution 

Source 

Abies sp. 

Apolychrosis synchisis 

Mexico 

Pogue 1986 

Abies religiosa 

A polychrosis ferruginus 

Mexico 

Pogue 1986 


Apolychrosis synchisis 

Mexico 

Pogue 1986 

Abies amabilis 

Apotomops wellingtoniana 

Canada/W. United States 

Prentice 1965 

Acacia longifolia 

Bonagota cranaodes 


Argentina/Chile 

USNM specimen 

Acer pseudoplatanus 

Proeulia chrysopteris 


Argentina/Chile 

Gonzales 1990 

Actinidia deliciosa 


Proeulia chrysopteris 


Argentina/Chile 


Gonzales 1986, 1989, 1990; Pucat 1994 



Proeulia auraria 


Argentina/Chile 


Pucat 1994 

Allophyllus edulis 


Bonagota cranaodes 


Argentina/Chile 


USNM specimen 

Alnus sp. 


Eulia ministrana 


Holarctic 


Bradley, Tremewan & Smith 1973, 







USNM specimen, Ferguson 1975 

Alnus rubra 


Eulia ministrana 


Holarctic 

Prentice 1965 

Alvoradoa sp. 


Cuproxena minimana 


Central American/Florida 

Brown & Powell 1991 

Aristolochia chilensis 


Proeulia auraria 


Argentina/Chile 

Obraztsov 1964 

Austrocedrus chilensis 


Chileulia stalactitis 


Argentina/Chile 

Pastrana 1997 

Baccharis spicata 


Clarkeulia nr. virga 


Uruguay 

USNM specimen 

Betula sp. 


Eulia ministrana 


Holarctic 

Bradley, Tremewan & Smith 1973, Pren- 






tice 1965 

Betula populifolia 


Anopina ednana 


SE Canada, NE United States 

USNM specimen 

Caesalpinia paraguariensis 

Proeulia chrysopteris 


Argentina/Chile 

Pastrana 1997 

Citrus sp. 

Deltinea costalimai 


Argentina 

Pastrana 1961 

Citrus Union 

Bonagota cranaodes/salubricola 

Argentina/Chile/Uruguay 

Biezanko et al. 1974, Pastrana 1997 

Citrus paradisi 

Bonasota cranaodes 


Argentina/Chile 

USNM specimen 


Chileulia stalactitis 


Argentina/Chile 

Powell 1986 


Citrus sinensis 


Clarkeulia bourquini 


Argentina/Brazil 

Pastrana 1997 




Clarkeulia dimorpha 


Argentina/Brazil 

Pastrana 1997 




Chileulia stalactitis 


Argentina/Chile 

Powell 1986 




Proeulia auraria 


Argentina/Chile 


Gonzales 1990, Pucat 1994 



Proeulia chrysopteris 


Argentina/Chile 


Gonzales 1990, Pucat 1994 

Corylus sp. 


Eulia ministrana 


Holarctic 


Bradley, Tremewan & Smith 1973 

Cupressus benthami 


Apolychrosis ambogonium 

Mexico 


Pogue 1986 
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Table 1. Continued. 


Plant species 


Moth species 


Diospyros sp. 
Epilobium sp. 

Fagus sp. 

Fraxinus sp. 
Geojfroea decorticans 
Gladiolus communis 
Ipomoea mutabils 
Ligustrum lucidum 
Ligustrum sinense 
Linum usitatissimum 
Lonicera japonica 

Malus domestica 


Medicago sativa 

Mentha rotundafolia 
Mimosa sp. 
Myrciaria jaboticaba 
Myrtaceae shrubs 
Phytolacca dioica 
Picea sp. 

Pinus spp. 

Pinus ayacahuite 

Pinus chiapensis 
Pinus hartwegii 
Pinus leiophylla 
Pinus montezumae 


Proeulia chrysopteris 
Eulia ministrana 
Eulia ministrana 
Eulia ministrana 
Bonagota cranaodes/salubricola 
Clarkeulia excerptana 
Bonagota cranaodes/salubricola 
Bonagota cranaodes/salubricola 
Clarkeulia bourquini 
Clarkeulia excerptana 
Bonagota cranaodes 
Bonagota cranaodes/salubricola 
Bonagota cranaodes/salubricola 
Clarkeulia bourquini 
Proeulia chrysopteris 
Proeulia auraria 
Bonagota cranaodes 
Clarkeulia excerptana 
Clarkeulia bourquini 
Clarkeulia bourquini 
Bonagota cranaodes 
Clarkeulia dimorpha 
Proeulia auraria 
Clarkeulia dimorpha 
Apotomops wellingtoniana 
Proeulia chrysopteris 
Apolychrosis schwardtfegeri 
A polychrosis synchisis 
Apolychrosis Candidas 
A polychrosis synchisis 
Apolychrosis ambogonium 
A polychrosis synchisis 


Moth distribution 


Source 


Chile 

Holarctic 

Holarctic 

Holarctic 

Argentina/Chile 

Argentina/Brazil 

Argentina/Chile 

Argentina/Chile 

Argentina/Brazil 

Argentina/Brazil 

Argentina/Chile 

Argentina/Chile 

Argentina/Chile 

Argentina/Brazil 

Argentina/Chile 

Argentina/Chile 

Argentina/Chile 

Argentina/Brazil 

Argentina/Brazil 

Argentina/Brazil 

Argentina/Chile 

Argentina/Brazil 

Chile 

Argentina./Brazil 

Canada/W. United States 

Argentina 

Guatemala 

Mexico 

Mexico 

Mexico 

Mexico 

Mexico 


Pucat 1994 
Benander 1929 

Bradley, Tremewan & Smith 1973 

Bradley, Tremewan & Smith 1973 

Pastrana 1997 

Pastrana 1997 

Pastrana 1997 

Pastrana 1997 

Pastrana 1997 

Pastrana 1997 

USNM specimen 

Pastrana 1997 

Pastrana 1997 

Pastrana 1997 

Gonzales 1990, Pucat 1994 

Gonzales 1990 

USNM specimen 

Pastrana 1997 

Pastrana 1997 

UCB specimen 

Clarke 1963 

Pastrana 1997 

Pucat 1994 

Pastrana 1997 

Prentice 1965 

Pastrana 1997 

Amsel 1962 

Pogue 1986 

Pogue 1986 

Pogue 1986 

Pogue 1986 

Pogue 1986 
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Table 1. Continued. 


Plant species 


Moth species 


Pinus racliata 
Pinus rudis 

Pinus tenuifolia 
Platanus orientalis 

Polygonum sp. 
Prosopis sp. 
Prunus sp. 

Prunus armeniaca 

Prunum avium 


Proeulia chrysopteris 
Apolychrosis candidus 
Apolychrosis synchisis 
A poly chro sis schward tfegeri 
Bonagota cranaodes/salubricola 
Proeulia chrysopteris 
Bonagota cranaodes/salubricola 
Chileulia stalactitis 
Eulia ministrana 
Proeulia clvyso pteris 
Proeulia auraria 
Chileulia stalactitis 
Proeulia auraria 
Eulia ministrana 


Prunus domestica Bonagota cranaodes/salubricola 

Chileulia stalactitis 
Clarkeulia bourquini 
Proeulia auraria 
Proeulia chrysopteris 
Prunus persica Proeulia chrysopteris 

Pseudotsuga macrolepis Apolychrosis ferruginus 

Pyrus communis Proeulia chrysopteris 

Proeulia auraria 
Bonagota cranaodes 

Quercus sp. Dorithia semicirculana 

Dorithia trigonana 
Dorithia occidentana 
Eulia ministrana 


Rapanea lorentziana Bonagota cranaodes/salubricola 

Clarkeulia dimorpha 

Rhamnus sp. Eulia ministrana 


Moth distribution 

Source 

Chile 

Parra & Cerda 1992, Pucat 1994 

Mexico 

Pogue 1986 


iviexieo 


Pogue 1986 



Guatemala 


Amsel 1962 



Argentina/Chile 


Pastrana 1997 



Argentina/Chile 


Gonzales 1990, Pucat 1994 


Argentina/Chile 


Pastrana 1997 



Argentina/Chile 


Powell 1986 


Holarctic 


Bradley, Tremewan & Smith 1973 

Argentina/Chile 


Obrazstov 1964, Pucat 1994 

Chile 


Pucat 1994 


Argentina/Chile 


Powell 1986 


Chile 


Pucat 1994 


Holarctic 


Ferguson 1975 


Argentina/Chile 


Pastrana 1997 



Argentina/Chile 


Powell 1986 



Argentina/Brazil 


Pastrana 1997 



Argentina/Chile 


Gonzales 1990, Pucat 1994 


Argentina/Chile 


Gonzales 1990, Pucat 1994 


Argentina/Chile 


Gonzales 1990, Pucat 1994 


Mexico 


Pogue 1986 



Argentina/Chile 


Gonzales 1990, Pucat 1994 


Argentina/Chile 


Gonzales 1990, Pucat 1994 


Argentina/Chile 

USNM specimen 



Rocky Mountains, USA 

Brown & Powell 1991 


Arizona to Durango, Mexico 

Brown & Powell 1991 


Durango, Mexico 

Brown & Powell 1991 


Holarctic 


Bradley, Tremewan & Smith 1973 

Argentina/Chile 


Pastrana 1997 


Argentina/Brazil 


Pastrana 1997 


Holarctic 


Bradley, Tremewan & Smith 1973 
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Table 1. Continued. 


Plant species 


Moth species 


Rosa sp. 

Rubus sp. 

Rubus chamaemorus 
Rubus idaeus 
Rubus ulmifolius 
Salix sp. 

Salix humboltiana 
Salix vitellina 
Schinus longifolia 
Schinus terebinthinfolius 

Senecio bonariensis 
Simmondsia chinensis 
Solarium bonariense 
Sorbus sp. 

Taxodium distichum 
Tilia sp. 

Trifolium repens 

Tsuga heterophylla 
Tsuga mertensiana 
Vaccinium myrtillus 
Verbenaceae 
Viburnum sp. 

Vitis spp. 

Vitis vinifera 


Eulia mimstrana 
Proeulia sp. 

Eulia ministrana 
Proeulia sp. 

Proeulia sp. 

Anopina triangulana 
Eulia ministrana 
Clarkeulia sp. 

Clarkeulia sp. 

Bonagota cranaodes 
Clarkeulia virga 
Cuproxena auga 
Deltinea costalima 
Proeulia chrysopteris 
Deltinea costalima 
Eulia ministrana 
Bonagota cranaodes/salubricola 
Eulia ministrana 
Clarkeulia bourquini 
Clarkeulia nr. virga 
Apotomops wellingtoniana 
Apotomops wellingtoniana 
Eulia ministrana 
Clarkeulia bourquini 
Eulia ministrana 
Proeulia chrysopteris 
Bonagota cranaodes/salubricola 
Chileulia stalactitis 
Proeulia auraria 


Proeulia triquetra 


Moth distribution 


Source 


ON 


Holarctic 

Chile 

Holarctic 

Chile 

Chile 

California, USA 

Holarctic 

Uruguay 

Uruguay 

Argentina/Chile 

Argentina/Brazil 

Brazil 

Argentina 

Chile 

Arentina 

Holarctic 

Argentina/Chile 

Holarctic 

Argentina/Brazil 

Uruguay 

Canada/W. United States 

Canada/W. United States 

Holarctic 

Argentina 

Holarctic 

Chile 

Argentina/Chile 

Argentina/Chile 

Argentina/Chile 

Argentina/Chile 


Bradley, Tremewan & Smith 1973 

Pucat 1994, USD AJ APHIS database 

Benander 1929 

USDA/APHIS database 

USDA/APHIS database 

Powell 1964 

Prentice 1965 

USNM specimen 

USNM specimen 

USNM specimen 

USNM specimen 

Brown & Powell 1991 

Pastrana 1997 

Quiroga et al. 1989, Pucat 1994 
Pastrana 1961 

Bradley, Tremewan & Smith 1973 
Pastrana 1997 

Bradley, Tremewan & Smith 1973 
USNM specimen 
USNM specimen 
Prentice 1965 
Prentice 1965 

Bradley, Tremewan & Smith 1973 

Pastrana 1997 

Ferguson 1975 

Pucat 1994 

Pastrana 1997 

Powell 1986 

Campos et al. 1981; Gonzales 1983, 
1990; Pucat 1994 
Gonzales 1983, 1990; Pucat 1994 
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diaceae), and grapefruit {Citrus paradisi Macfad.; Rutaceae). Biezanko et al. 
(1974) record B. salubricola from lemon {Citrus limon (L.) Burm.; Rutaceae) in 
Uruguay. 

Pastrana (1997) lists the following as foodplants of Bonagota cranaodestsalu¬ 
bricola (Meyrick) in Argentina: Japanese honeysuckle, morning-glory {Ipomoea 
mutabilis Ker; Convolvulaceae), Geoffroea decorticans (Gill, ex Hook. & Am.) 
Burkart (Fabaceae), Rapanea lorentziana Mez. (Myrsinaceae), privet {Ligustrum 
lucidum Aiton; Oleaceae), Oriental plane-tree {Platanus orientalis L.; Platana- 
ceae), knot weed {Polygonum sp.; Polygonaceae), apple {Mains domestica Borkh.; 
Rosaceae), plum {Prunus domestica L.; Rosaceae), lemon, bald cypress ( Taxo- 
dium distichum (L.) Rich.; Taxodiaceae), and grapes {Vitis vinifera L.; Vitaceae). 
Although considered distinct species by Razowski (1986), Bonagota salubricola 
and B. cranaodes were treated as synonyms by Pastrana (1997), with no expla¬ 
nation for this decision. Hence, it is uncertain to which species his foodplant 
records refer. It is possible that the two names represent a single species— B. 
salubricola (Meyrick) was described from Buenos Aires and the very similar B. 
cranaodes (Meyrick) from Tigre, both in Argentina. However, according to Ra¬ 
zowski (1990), the male genitalia on the slide of the type of B. salubricola are 
incorrectly associated, belonging to a Eucosmini and not to the holotype, so com¬ 
parisons of male genitalia with the type are meaningless. 

Chileulia Powell 

Powell (1986) indicated that larvae of Chileulia stalactitis (Meyrick) feed on 
various fruit crops in Chile, including grapes, grapefruit, orange {Citrus sinensis 
(L.) Osbeck; Rutaceae), plum leaves, apricot leaves {Prunus armeniaca Marsh.; 
Rosaceae), and fruit of mesquite ( Prosopis tamarungo Phil.; Fabaceae). Pastrana 
(1997) added Austrocedrus chilensis (D. Don) Pic. Serm. & Bizzarri (Cupressa- 
ceae) to the list of foodplants in Argentina. 

Clarkeulia Razowski 

Clarkeulia bourquini (Clarke) has been reared from white clover {Trifolium 
repens L.; Fabaceae) (USNM) and Mentha rotundafolia (L.) Huds. (Lamiaceae) 
(UCB) in Uruguay, and from alfalfa, Chinese privet {Ligustrum sinense Lour.; 
Oleaceae), apple, plum, orange, and various Verbenaceae in Argentina (Pastrana 
1997). 

According to Pastrana (1997), Clarkeulia dimorpha (Clarke) is a pest of or¬ 
namentals and citrus in Argentina, feeding on Phytolacca dioica L. (Phytolacca- 
ceae), Rapanea lorentziana , Myrciaria (Myrtaceae), and orange. Many of the 
same species are reported as foodplants in Brazil (d’Araujo et al. 1968). 

Clarkeulia excerptana (Walker) is recorded from Gladiolus (Iridaceae), alfalfa, 
and flax {Linum usitatissimum L.; Linaceae) (Pastrana 1997). Clarkeulia virga 
(Clarke) has been reared from flowers of Brazilian pepper-tree ( Schinus terebin- 
thifolius Raddi; Anacardiaceae) (USNM). An apparently undescribed species (nr. 
virga) from Uruguay (USNM) has been found on Baccharis spicata (Lam.) Bail- 
Ion (Asteraceae) and white clover; and an undetermined species from Uruguay 
(USNM) was reared on willows {Salix vitellina Willd. and S. humboltiana Willd.; 
Salicaceae). 
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Cuproxena Powell & Brown 

Two species of Cuproxena have been reared from field-collected larvae: C. 
auga (Razowski and Becker) from Brazilian pepper-tree in Minas Gerais, Brazil, 
and C. minimana Brown from Alvoradoa sp. (Simaroubaceae) in southern Florida 
(Brown & Powell 1991). 


Deltinea Pastrana 

Deltinea costalimai Pastrana is reported to bore in the stems or shoots of night¬ 
shade (, Solatium bonariense L.; Solanaceae) and to feed on the leaves and flowers 
of Citrus sp. (Rutaceae) in Argentina (Pastrana 1961). Pastrana (1997) also cites 
Senecio bonariensis Hook. & Am. (Asteraceae) as a foodplant in Argentina. 

Dorithia Powell 

As with Anopina, circumstantial evidence suggests that Dorithia larvae may 
feed on leaf litter (Brown & Powell 1991). Despite extensive searches of potential 
host foliage, no larvae have been discovered in the field. Larvae of three species 
(i.e., D. semicirculana (Femald), D. trigonana Brown & Obraztsov, & D. occi- 
dentana Brown) have been reared successfully in the laboratory from egghatch 
to adults on fresh leaves of Quercus spp. (Fagaceae); the overall distribution of 
Dorithia corresponds to the distribution of Quercus from the Rocky Mountains 
south to Costa Rica. Although the distribution of Dorithia semicirculana closely 
parallels that of Quercus gambellii Nutt., and larvae were successfully reared in 
the laboratory on fresh leaves of Quercus lobata Nee, which is in the same section 
as Q. gambellii (i.e., the white oaks), larvae were never discovered on Q. gam¬ 
bellii in the field. 


Eulia Hiibner 

Larvae of the holarctic E. ministrana (L.) are polyphagous leaf rollers, recorded 
from numerous plant families. Bradley, Tremewan & Smith (1973) list Fraxinus 
(Oleaceae), Rhamnus (Rhamnaceae), S or bus, Prunus (both Rosaceae), Betula, Al- 
nus , Corylus (all Betulaceae), and Vaccinium myrtillus L. (Ericaceae) as hosts in 
Great Britain, and Rosa (Rosaceae), Fagus, Quercus (both Fagaceae), and Tilia 
(Tiliaceae) from the European continent. Benander (1929) reported Epilobium 
(Onagraceae) and Rubus chamaemorus L. (Rosaceae) also from Europe. 

In Canada, Prentice (1965) cites rearings of Eulia ministrana on red alder 
(Alnus rubra Bong.; Betulaceae) (7 records), birch ( Betula sp.; Betulaceae) (1 
record), and willow ( Salix sp.; Salicaceae) (1 record); and Ferguson (1975) cites 
cherry {Prunus avium L.) (1 record), alder ( Alims sp.) (2 records), and Viburnum 
sp. (Caprifoliaceae) (1 record). 


Proeulia Clarke 

The genus Proeulia includes 22 described species, nearly all of which are 
confined to Chile (Razowski 1995). Several are pests of agricultural plants; con¬ 
sequently, there is considerable economic literature on the genus. Larvae of 
Proeulia are polyphagous leaf rollers, also feeding on the surface of fruit (Gon¬ 
zales 1981a, 1981b, 1990); the larvae of some species spend the winter protected 
under loose bark (Gonzales 1972). 
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Pear, orange, and grape are the main foodplants of P. auraria (Clarke) (Pucat 
1994). The life history of this species on grape was detailed by Campos et al. 
(1981) and on pear by Alvarez & Gonzales (1982). Other recorded foodplants 
include plum, apricot, cherry, apple, Prunus , Plat anus (Platanaceae), kiwi ( Actin- 
idia deliciosa (A. Chev.) C. S. Liang & A. R. Ferguson; Actinidiaceae), and 
shrubs of Myrtaceae and Aristolochiaceae (Pucat 1994, Zhang 1994), including 
Aristolochia chilensis Bridges ex Lindl. (Obraztsov 1964). 

The primary foodplants of P. chrysopteris (Butler) in Chile are apricot, apple, 
plum, peach {Primus persica (L.) Batsch; Rosaceae), nectarine ( Prunus per sic a 
var. nucipersica (Suckow) C. K. Schneid.; Rosaceae), pear, and kiwi. Damage 
and management of P. chrysopteris on kiwi are discussed in detail by Gonzales 
(1986, 1989) and Gonzales & Curkovic (1994). Secondary foodplants of P. chry¬ 
sopteris include Acer pseudoplatanus L. (Aceraceae), Oriental plane-tree, orange, 
Diospyros sp. (Ebenaceae), and Vitis spp. (Pucat 1994). Potentially severe damage 
to jojoba ( Simmondsia chinensis (Link) C. K. Schneid.; Simmondsiaceae) is de¬ 
scribed by Quiroga, Arretz & Araya (1989); and Parra & Cerda (1992) report 
damage to Monterey pine {Pinus radiata D. Don; Pinaceae) by P. chrysopteris. 
Pucat (1994) cites raspberry ( Rubus sp.; Rosaceae) as a “rare” host; the USD A/ 
APHIS database includes three records of interceptions of Proeulia on Rubus, 
and these records may refer to P. chysopteris. Pastrana (1997) records many of 
the same hosts for this species in Argentina, with one additional foodplant: par¬ 
adise-flower ( Caesalpina paraguariensis (D. Parodi) Burkart; Fabaceae). 

The only recorded foodplant for Proeulia triquetra Obraztsov is grape (Gon¬ 
zales 1983, 1990, Pucat 1994, Pastrana 1997), and this month is of secondary 
economic importance as a grape pest (Gonzales 1990). 

The genus Proeulia has been treated in a variety of unpublished USDA/APHIS 
circulars, keys, and bulletins, and this body of literature is reponsible for at least 
three mistakes that require rectification. 1) In early accounts of pests from Chile, 
most species of Proeulia were treated as Eulia. 2) A record of Proeulia from 
China is almost certainly based on a misdetermination. 3) A reference to Proeulia 
chilense is an error—there is no such species. It is possible that this mistake 
resulted from Obraztsov’s (1964) review of the genus in which he identified A. 
[Aristolochia] chilense as a larval foodplant of Proeulia in Chile. 

Summary and Conclusions 

Host plant records indicate polyphagous feeding habits for most Euliini at both 
the generic and species levels. Only a few genera deviate from this pattern: Apo- 
lychrosis and Apotomops are restricted to Pinaceae, and Anopina and Dorithia 
appear to be leaf-litter feeders. In contrast to the larvae of most Tortricinae, which 
are leaf-rollers on living plant material (MacKay 1962, Powell 1980), many Eu¬ 
liini feed externally on the surface of fruit and sometimes bore into host plant 
tissue; species of two genera are believed to feed in leaf-litter. 

Larval foodplants are known for one or more representatives of 11 genera in 
the tribe; several genera include pests of cultivated and ornamental plants. Doc¬ 
umented hosts encompass 36 vascular plant families: Aceraceae (1 euliine genus), 
Actinidiaceae (1), Anacardiaceae (3), Aristolochiaceae (1), Asteraceae (2), Betu- 
laceae (3), Caprifoliaceae (2), Convolvulaceae (1), Cupressaceae (2), Ebenaceae 
(1), Ericaceae (1), Fabaceae (4), Fagaceae (2), Iridaceae (1), Lamiaceae (1), Lin- 
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aceae (1), Myrsinaceae (2), Myrtaceae (2), Oleaceae (3), Onagraceae (1), Phyto- 
laccaceae (1), Pinaceae (3), Platanaceae (2), Polygonaceae (1), Rhamnaceae (1), 
Rosaceae (5), Rutaceae (5), Salicaceae (3), Sapindaceae (1), Simaroubaceae (1), 
Simmondsiaceae (1), Solanaceae (1), Taxodiaceae (1) Tiliaceae (1), Verbenaceae 
(1), and Vitaceae (3). Reflecting a sampling bias, Rosaceae and Rutaceae each 
support five genera of euliine herbivores, more than any other plant family. These 
two plant families include a large percentage of the commercially cultivated, fruit¬ 
bearing trees in the New World tropics (e.g.. Primus and Citrus). With the ex¬ 
ception of the use of conifers by Apolychrosis and Apotomops, and rarely by 
Proeulia and Bonagota, and the infrequent use of Iridaceae by Clarkeulia, most 
euliine genera appear to be restricted to dicotylendous plants; few other trends 
are evident. 
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Abstract .—The trachyderine genus Sphaenothecus Dupont is reviewed. Sphaenothecus funebris 
Bates is transferred to the genus Zalophia Casey and Z. spissicornis Casey is synonymized with 
Z. funebris , NEW COMBINATION, Sphaenothecus cribellatus Bates and S. luteicollis Bates are 
placed into the genus Ischnocnemis Thomson, NEW COMBINATION. Taranomis Casey is syn¬ 
onymized with Sphaenothecus and Taranomis pallida Schaeffer is placed into Perarthrus 
LeConte, NEW COMBINATION. Taranomis cylindricollis Casey is synonymized under Sphaen¬ 
othecus bivittatus Dupont. 

As here defined, Sphaenothecus consists of the following seven species: S. argenteus Bates, 
Mexico to Guatemala; S. bivittatus Dupont, United States to Honduras; S. picticornis Bates, 
Mexico; S. maccartyi NEW SPECIES, Mexico; S. toledoi NEW SPECIES, Mexico-Honduras; 

S. facetus NEW SPECIES Guatemala to Costa Rica; S. trilineatus Dupont, Texas and Mexico. 

Key Words .—Cerambycidae, Sphaenothecus, taxonomic revision, new species, key, distribution, 
activity period, hosts. 

The trachyderine genus Sphaenothecus Dupont is currently comprised of seven 
Mexican and Central American species. Examination of this group indicates that 
the presently included species are not congeneric. Zalophia spissicornis Casey is 
synonymous with S. funebris Bates (NEW SYNONYMY) and funebris enters into 
the genus Zalophia Casey (NEW COMBINATION). S. cribellatus Bates and S. 
luteicollis Bates are placed into the genus Ischnocnemis Thomson (NEW COM¬ 
BINATION) for the time being. A study of the genus will be necessary to deter¬ 
mine the validity of the reassignments. 

Generically we can find no differences between Sphaenothecus and Taranomis 
Casey. The species pallida Schaeffer from Baja California is placed into Perar¬ 
thrus LeConte (NEW COMBINATION) and appears to be distinct from the other 
two species in that genus. 

The genus Sphaenothecus as presently defined consists of seven species, three 
of which are previously undescribed. 

GENUS SPHAENOTHECUS DUPONT 

Sphaenothecus Dupont, 1838: 55; Thomson, 1860: 209; Lacordaire, 1869: 184; 
LeConte, 1873: 316; LeConte and Horn, 1883: 301; Leng, 1886: 60; Casey, 
1912: 333; Bradley, 1930: 241. 

Sphoenothecus\ Guerin, 1839: 250; Thomson, 1864: 205. 

Sphenothecus; White, 1853: 85; Gemminger and Harold, 1873: 2972; Bates, 1880: 
84. 

Taranomis Casey, 1912: 333; Linsley, 1962: 95., Type species: Sphaenothecus 
bivittatus Dupont, by original designation. NEW SYNONYMY. 

Page charges partially offset by a grant from the C. P. Alexander fund. 
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lschnocnemis\ LeConte, 1873: 316; LeConte and Horn, 1883: 301; Leng, 1886: 61. 

Form moderate sized to large, tapering posteriorly. Head small; palpi short, apical segments short; 
mandibles arcuate, acute at apices; eyes finely faceted, deeply emarginate, upper lobes widely sepa¬ 
rated; antennal tubercles divergent, often prominently elevated; antennae slender, often robust in fe¬ 
males, often 12-segmented, much longer then body in males, slightly longer than body and often 
subserrate in females, scape usually robust, shorter than segment 3, 4 subequal to 3, segment 3 often 
stout, densely clothed with coarse setae. Pronotum convex, sides rounded or with small lateral tuber¬ 
cles; apex narrower than base, disk lacking distinct calluses; prostemum with intercoxal process not 
protuberant, abruptly declivous behind, coxal cavities wide open behind; mesostemum with intercoxal 
process broad, prominently protruding above coxae, abruptly declivous; metastemum with episternum 
broad, subparallel. Elytra tapering posteriorly; disk with longitudinal ebumeous costae or longitudinal 
pubescent vittae; apices sinuate truncate to bi-emarginate, Legs slender; hind femora often linear, 
arcuate; middle femora carinate apically; posterior tarsi slender, rather short, apical segment cleft 
almost to base. Abdomen normally segmented. 

Type species.—Sphaenothecus tomentosus Dupont, Thomson designation, 1864 
(= Sphaenothecus trilineatus Dupont). 

This genus may be recognized by the tapering form of the pronotum and elytra, 
longitudinally co state or vittate elytra, non protuberant, abruptly declivous pro- 
sternal process and by the elevated, declivous mesosternal process. 

Seven species are presently known. 

Key to the Species of Sphaenothecus 
1. Elytra with elevated, longitudinal, ebumeous or dark costae, at least 


behind middle. 2 

1'. Elytra non-costate, longitudinal pale bands consisting of rows of ap- 

pressed pubescence . 6 

2(1). Pronotum with sides rounded, non-tuberculate. 3 


2'. Pronotum with small lateral tubercles; antennae of males 11-segmented; 

elytra with vitta densely, minutely punctate, subopaque; pronotum 
with two broad longitudinal bands of golden appressed pubescence. 
Length, 14.5-22 mm. Western Mexico from Sinaloa to Guatemala 

. argenteus Bates 

3(2). Antennae stout, segment 3 almost as thick as scape, densely clothed 
with long, coarse, subdepressed, blue-black setae; scutellum longer 

than broad . 4 

3'. Antennae slender, segment 3 distinctly narrower than scape, segments 
not appreciably apically expanded in either sex; scutellum as broad 
as long; longitudinal yellowish vittae of elytra broad; appendages 
often partially or entirely reddish. Length, 9—15.5 mm. Southern Cal¬ 
ifornia to Texas, Honduras and Baja California. bivittatus Dupont 

4(3). Elytra feebly bilobed basally, lobes not extending onto sides of basal 
margin of pronotum, yellowish longitudinal vittae broad, apices fee¬ 
bly sinuate truncate or strongly dentate at outer angles . 5 

4'. Elytra strongly lobed on each side of scutellum, longitudinal, yellowish 
vittae, if present, narrow, apices strongly bi-emarginate. Antennae of 
males 12-segmented, segment 11 of females almost divided. Form 
rather slender. Length, 12-22 mm. Central Mexico .. picticornis Bates 
5(4). Elytra with median dark vittae with punctures behind middle separated, 
not opaque appearing, apices strongly dentate at outer angles. Hind 
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tibiae moderately sinuate, dark suberect setae rather sparse. Mesoster- 
nal process broadly rounded at apex. Antennae of males 12-seg- 

mented. Length, 10-15 mm. Sinaloa, Jalisco and Chiapas . 

. maccartyi NEW SPECIES 

5'. Elytra with median dark vittae very finely, contiguously punctate be¬ 
hind middle, appearing subopaque, apices with angles unarmed. Hind 
tibiae strongly sinuate, dark, suberect setae dense. Mesostemal pro¬ 
cess narrowly rounded at apex. Antennae of males 11-segmented. 
Length, 16-22 mm. Oaxaca to Honduras .... toledoi NEW SPECIES 
6(1'). Antennae with scape 2 X as long as broad, dorsally flattened and im¬ 
pressed at base. Integument reddish-brown. Length 15-22 mm. Gua¬ 
temala to Costa Rica . facetus NEW SPECIES 

6'. Antennae with scape at least 2.5 X as long as broad, slightly flattened 
dorsally at base but not impressed. Integument black. Length, 15-25 

mm. Southern Texas to Veracruz, Sinaloa to Oaxaca . 

. trilineatus Dupont 

Sphaenothecus argenteus Bates 

(PI. 2) 

Sphenothecus argenteus Bates, 1880: 84. 

Sphaenothecus argenteus ; Aurivillius, 1912: 472; Chemsak and Noguera, 1995: 

64. 

Male .—Form moderate sized, tapering; integument black to reddish, elytra with two longitudinal, 
yellowish, ebumeous vittae on each side; pubescence dense, golden, appressed, fine, pale, suberect 
and fine, appressed and dark. Head small; antennal tubercles prominently elevated, blunt at apices; 
vertex with a linear, glabrous callus; pubescence dense, appressed, golden, long, erect, golden hairs 
numerous; antennae slender, 11-segmented, extending at least 4 segments beyond elytra, scape cylin¬ 
drical, slender, moderately flattened only slightly beneath at base, basal segments densely clothed with 
subdepressed black setae, outer segments densely clothed with very fine, very short pubescence, third 
segment only slightly narrower than scape, segment 11 appendiculate at apical one-third. Pronotum 
broader than long, sides with a small tubercle behind middle; disk with median area convex, slightly 
elevated, broadly impressed at middle at base; basal margin lobed at middle; punctures at middle fine, 
arranged in irregular contiguous rows; pubescence dense, appressed, golden, forming 2 broad longi¬ 
tudinal vittae at sides of middle; sides sparsely to densely clothed with long or short erect hairs; lateral 
longitudinal dark vittae subopaque, finely, irregularly punctate; prosternum shallowly impressed, usu¬ 
ally densely golden pubescent; meso- and metastemum medially glabrous, very finely, sparsely punc¬ 
tate, sides densely golden pubescent. Elytra a little more than 2 X as long as broad, tapering apically; 
basal margin broadly lobed; each elytron with a broad, longitudinal ebumeous fascia near suture and 
a narrow one near lateral margin, the 2 coalescing near apex; punctures on median black vittae 
subcontiguous near base, punctures on outer black vittae very fine, dense, subopaque; pubescence 
along suture dense behind scutellum, golden, appressed, arranged transversely, black areas with fine, 
dark, appressed pubescence; apices sinuate, sutural angles dentate. Scutellum narrow, elongate, gla¬ 
brous. Legs slender, hind femora not extending to apices of elytra; femora rather sparsely punctate 
and pubescent; front tibiae arcuate, densely pubescent beneath, hind tibiae densely clothed with dark, 
subdepressed setae; hind tarsi moderately broad, segment 1 shorter than two following together. Ab¬ 
domen medially glabrous, sides densely clothed with golden appressed pubescence, long erect hairs 
dense to sparse; last stemite shallowly emarginate at middle. Length, 15-22 mm. 

Female .—Form similar, slightly more robust. Antennae slightly longer than body. Abdomen with 
last stemite broadly rounded, narrowly, shallowly emarginate at apical margin. Length, 14.5-21.5 mm. 

Diagnosis. —This species is very distinctive by the broad, longitudinal bands 
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of golden, appressed pubescence of the pronotum and by the ebumeous longitu¬ 
dinal vittae of the elytra. 

Type Locality .—San Geronimo, Guatemala. 

Range. —Western Mexico from Sinaloa to Guatemala. 

Flight Period. —June to December. 

Remarks. —The northernmost Mexican specimens have short, sparse, erect pu¬ 
bescence on the pronotum while in Guatemala, this is long and dense. The un¬ 
derside of the Guatemala material also has the long erect hairs much more nu¬ 
merous and the pubescence of the middle of the prostemum much denser. 

Adults have been collected on flowers of Croton. 

Material Examined. —MEXICO. CHIAPAS'. 21 males, 6 females, 16 km W of Ocozocuatla, “El 
Aguacero”, 4-5 Aug 1994, 4-30 Sep 1994, 1-3 Oct 1994, 4-16 Nov 1994, V. H. Toledo. JAUSCO: 
11 males, 6 females, Estacion de Biologia, Chamela, 14-23 Oct 1986, Chemsak; 7 Dec 1983, S. H. 
Bullock; 1 Sep 1985, R. Ayala; 13 Sep 1985, 22 Nov 1985, 25 Sep 1986, 27 Oct 1986, 25 Nov 1986, 
F. A. Noguera. MICHOACAN: 1 female. La Huacana, 10 Oct 1988, G. Rodriguez. OAXACA. 1 female, 
El Camaron, 32 km (20 mi) E of Oaxaca, 21 Jul 1956, J. W. MacSwain; 3 males, 1 female, 89.6 km 
(56 mi) NW of Tehuantepec, 27 Jul 1963, J. Doyen, W. Foster. SINALOA: 2 females, 4 km (2.5 mi) 
N of Mazatlan, 10-11 Aug 1970, J. A. Chemsak. GUATEMALA. BAJA VERAPAZ : 5 males, 6 fe¬ 
males, Las Limas, Mpio. Salama, Baja Vcrapaz, 1150 m, 16 Jun 1986, 8-28 Sep 1986, 16 Oct 1986, 
7 Nov 1986, 18 Dec 1986. EL PROGRESO: 1 female, 12.8 km (8 mi) NE of El Progreso, 8 Jul 1965, 
A. Raske, C. Slobodchikov; 1 male, Magdalena, Mpio. San Agustin, Acasaguastlan, 16 Jun 1989. 
GUATEMALA: 1 male, San Geronimo, Champion. ZACAPA: 1 female, Zacapa, 1 Oct 1929, D. M. 
Bates. 

SPHAENOTHECUS BIVITTATUS DUPONT 

Sphaenothecus bivittatus Dupont, 1838: 58, pi. 220, Fig. 1; Guerin, 1844: 250; 

Linsley, 1934: 61; Saalas, 1936: 111; Linsley, 1940: 562. 

Sphenothecus bivittatus ; White, 1853: 86; Bates, 1880: 84. 

Ischnocnemis bivittatus ; LeConte, 1873: 316; Leng, 1887: 193; Townsend, 1903: 
77. 

Taranomis bivittata ; Casey, 1912: 333; Linsley, 1942: 63; Linsley, 1962: 95; 

Rogers, 1977: 227; Chemsak, Linsley and Mankins, 1980: 33. 

Taranomis bivittatus ; Duffy, 1960: 109. 

Taranomis bivittata bivittata: ; Linsley, 1960: 95; Tumbow and Wappes, 1978: 368; 
Hovore and Penrose, 1982: 25; MacKay, Zak and Hovore, 1987: 364; Hovore, 
Penrose and Neck, 1987: 296. 

Leptocera bilineata Gory, 1831: pi. 45, Fig. 9; Castelnau, 1840: 490, pi. 34, Fig. 4. 
Taranomis cylindricollis Casey, 1924: 267. NEW SYNONYMY. 

Taranomis bivittata cylindricollis , Linsley, 1962: 96. 

Taranomis nematocera Casey, 1924: 268. 

Male. —Form small, tapering; integument black, legs and often pronotal disk reddish, elytra with 2 
longitudinal eburneous vittae on each side; pubescence short, pale or golden, appressed and subde¬ 
pressed. Head small; antennal tubercles not elevated; vertex coarsely, confluently punctate; pubescence 
erect, sparse, antennae slender, 12-segmented, 2.5 to 3 X longer than body, scape conical, slender, 
dorsally carinate, at least near base, basal segments clothed with short, dark, suberect setae, third 
segment longer than scape, fourth subequal to third. Pronotum broader than long, sides broadly round¬ 
ed; disk convex, broadly impressed at middle at base; basal margin shallowly lobed at middle; punc¬ 
tures moderately coarse, sparse to dense, usually transverse on apical one-half, center behind middle 
usually with an irregular glabrous area; each side with a broad, longitudinal, densely appressed, pu¬ 
bescent vitta, sides with numerous long, erect hairs; prostemum shallowly impressed, densely pubes- 
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cent; meso- and metastemum densely clothed with silvery appressed pubescence and longer, erect 
hairs, middle glabrous. Elytra about 2.5 X as long as broad; basal margin moderately bilobed; each 
elytron with 2 longitudinal ebumeous fasciae, one beginning inside of humeri and extending almost 
to apex, one lateral usually not reaching lateral margin and extending almost to apex; punctures 
between fasciae fine, dense, becoming finer and denser toward apex; pubescence dense, fine, appressed, 
long, erect hairs usually numerous basally; apices sinuate truncate, angles usually moderately dentate 
Scutellum about as long as broad, apex narrow, acute, sparsely pubescent. Legs slender; hind femora 
extending beyond body, moderately densely punctate and pubescent; hind tibiae moderately densely 
clothed with suberect, dark setae; hind tarsi slender, first segment as long as following two together. 
Abdomen densely clothed with silvery appressed pubescence, middle glabrous; last sternite lightly 
emarginate at middle. Length 9-15.5 mm. 

Female .—Form similar. Antennae a little longer than body, 11-segmented. Legs with femora not 
extending beyond body. Abdomen with last sternite broadly truncate. Length, 9-14 mm. 

Diagnosis. —This species averages smaller in size than other Sphaenothecus. 
The slender, 12-segmented antennae and elongated hind femora of males and the 
usual dark lateral margins of the elytra also characterize this species. The color 
of the pronotum varies from black to reddish and does not appear to be a constant 
geographical character. 

Discussion. —We have been informed that (Monne 1994) in his recent catalog 
has reinstated the name bilineatus Gory for bivittatus. We have not seen this 
reference and in view of the confusion regarding publication dates are mantaining 
the long accepted synonymy of bilineatus. Unless the name is a homonym, Mon- 
ne’s usage may be correct. 

Type Locality. —Of bivittatus , Mexico; bilineata, Mexico; cylindricollis , near 
Tucson, Arizona; nematocera, near Tucson, Arizona. 

Range. —Southern California to Texas, Honduras and Baja California (PI. 1). 

Flight Period. —April to November. 

Host Plants. — Acacia, Prosopis. 

Remarks. —There appears to be no justification for segregating this species into 
another genus and it is being treated as originally proposed by Dupont, 1838. 

Sphaenothecus picticornis Bates 

(PI. 3) 

Sphenothecus picticornis Bates, 1880: 84. 

Sphaenothecus picticornis ; Aurivillius, 1912: 472. 

Male .—Form moderate sized, tapering; integument reddish to black, pronotum and underside often 
reddish, antennal segments dark at apices, elytra usually with 2 narrow, ebumeous, longitudinal vittae 
on each side, legs with tibiae and femora dark at apices, tarsi black; pubescence moderately dense, 
short, appressed silvery to golden, pronotum laterally with a longitudinal band of dense, appressed 
pubescence. Head small; antennal tubercles prominent, rounded; vertex with an often vague, medially 
impressed callus; pubescence around eyes dense; antennae 12-segmented, often 2.5 X longer than 
body, scape cylindrical, about 2 X as long as broad, dorsally carinate, basal segments densely clothed 
with short, dark, vaguely bluish, suberect setae, outer segments clothed with minute appressed pubes¬ 
cence, segments dark annulate at apices, segment 3 about as broad as scape, segments 4-9 slightly 
expanded at apices, segment 3 longer than scape, 4 slightly longer than 3, 5 longer than 4. Pronotum 
slightly broader than long, sides broadly rounded; disk convex, transversely impressed near base, basal 
margin strongly lobed at middle; punctures fine, denser over apical one-half, middle toward base 
usually impunctate; each side with a moderately broad, longitudinal, silver or golden pubescent vitta, 
vittae widely separated on disk, sides with numerous long, erect, pale hairs; prostemum barely im¬ 
pressed, densely pubescent; meso- and metastemum densely clothed with silvery or golden, appressed 
pubescence, middle glabrous, long, pale, erect hairs numerous, mesosternal process prominently ele¬ 
vated. Elytra about 2.5 X as long as broad, basal margin strongly bilobed; each elytron with 2 ebur- 
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neous, longitudinal fasciae extending almost to apex; each side narrowly costate down middle; basal 
punctures fine, sparse, becoming very dense toward apex; pubescence fine, short, silvery, densely, 
transversely appressed along sutural area; apices sinuate, angles acutely dentate, Scutellum strongly 
tapering, about 2 X as long as broad, glabrous. Legs slender; hind femora not extending beyond body, 
sparsely punctate and pubescent; hind tibiae moderately densely clothed with fine, suberect setae; hind 
tarsi slender, segment 1 slightly shorter than two following together. Abdomen densely pubescent, 
narrowly glabrous medially; last stemite shallowly emarginate at middle. Length, 12-22 mm. 

Female. —Form similar. Antennae subserrate, slightly longer than body; 11-segmented, segment 11 
strongly appendiculate. Abdomen with last stemite broadly truncate at apex. Length, 14-19 mm. 

Diagnosis .—This species varies greatly in size and coloration. The ebumeous 
fasciae of the elytra vary in length and width and occasionally are black. The 
pronotum is often totally black and the legs and underside vary in the amount of 
infuscation. The thickened, slightly arcuate, densely pubescent third segment of 
the antennae, strongly lobed basal pronotal margin and strongly bilobed elytral 
base make this species distinctive. 

Type Locality. —Mexico. 

Range .—Central Mexico from Michoacan to Veracruz and Oaxaca. 

Flight Period .—October to January. 

Material Examined. —All from MEXICO. GUERRERO'. 1 male, 2 km SE of Grutas on Hwy 55, 6 
Jan 1989, R. L. Minckley and B. N. Danforth. MEXICO'. 1 male, km 20 of Tejupilco-Bejucos, 6 Jun 
1964, Barrera, Brailovsky. MICHOACAN'. 1 male, 3 km N of Arteaga, 850 m, 1 Nov 1987, R. Ayala. 
MORELOS. 16 males, 6 females, 2.5 km W of Huautla, Estacion CEAMISH, 940 m, 20 Nov 1995 
to 16 Mar 1996, F. A. Noguera, A. Rodriguez, A. Morales, E. Ramirez, E. Gonzalez; 3 males, 1 
female, 2.5 km W of Ajuchitlan, 950 m, 11 Nov 1995 to 17 Jan 1996, R. Ayala, F. A. Noguera, E. 
Gonzalez. OAXACA: 1 male, 63 km N of Huajuapan, 14 Oct 1978, E. Giesbert; 4 males, 1 female, 
Petlalcingo, 25 Nov 1963, A. E. Michelbacher. PUEBLA: 1 male, 1 female, 15 km WNW of Izucar 
de Matamoros, 1300 m, 6 Nov 1976, P. H. Sullivan. VERACRUZ: 3 males, 1 female, Cordoba, 28 
Oct 1963, A. B. Lau. STATE UNKNOWN: 1 male, 1 female. 

SPHAENOTHECUS TOLEDOI CHEMSAK AND NOGUERA, NEW SPECIES 

(PI. 5) 

Types .—Holotype male, allotype: MEXICO. CHIAPAS: 16 km W of Ocozo- 
cuatla, “El Aguacero”, 26 Jan 1995, V. H. Toledo; deposited: Instituto de Biolo- 
gia, UNAM, Mexico. Paratypes, all with same data as follow: 1 male, 1 female, 
2 Jan 1995; 3 males, 1 female, 28 Jan 1995; 1 male, 2 females, 30 Jan 1995; 2 
males, 1 female, 1 Feb 1995; 1 male, 28 Feb 1995; 1 male, 1 Mar 1996; 1 male, 
2 Mar 1996; 5 males, 3 Mar 1995; 1 male, 2 females, 4 Mar 1995; 1 male, 22 
Dec 1994; deposited in EMEC; EBCC and V. H. Toledo collection. Additional 
paratypes include: OAXACA: 1 male, 15 km E Tehuantepec, emerged Dec 1980 
from dead thomed vine, E. Giesbert (GIES). HONDURAS. LA PAZ: 1 male, 
Taladro, 5 Jan 1976, J. V. Mankins (EMEC). 

Male. —Form moderate sized, tapering; integument reddish, head pronotum, legs and underside 
usually partially infuscated, antennae narrowly black at apices of segments, elytra testaceous with 
longitudinal black vittae; pubescence sparse to dense, erect and appressed. Head small; antennal tu¬ 
bercles prominent, obtuse at apices; vertex with a usually raised median line; pubescence fine, pale, 


<r- 

Plates 2-5. Plate 2, Sphaenothecus argenteus Bates; Plate 3, S. picticornis Bates; Plate 4, S. 
maccartyi NEW SPECIES, and Plate 5, S. toledoi NEW SPECIES. 
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suberect; antennae slender, 11 -segmented, often more than 2 X as long as body, scape rather slender, 
cylindrical, about 3 X longer than broad, carinate basally, basal segments moderately densely clothed 
with short, subdepressed blue-black setae, outer segments minutely pubescent, segments 3-8 slightly 
expanded at apices, segment 3 narrower than scape except at apex, segment 3 longer than 1, segments 
3-5 equal, 11 long, appendiculate. Pronotum broader than long, sides broadly rounded; disk convex, 
impressed at middle near base, basal margin broadly lobed at middle; punctures moderately coarse, 
irregular, transversely placed, area before impression usually non-punctate; sides with widely separated, 
longitudinal bands of pale, appressed pubescence, long, erect hairs numerous at sides; prostemum 
barely impressed, densely pubescent; mesostemal process prominently projecting, meso- and meta- 
sternum densely golden pubescent, medially glabrous. Elytra a little more than 2 X longer than broad; 
basal margin moderately strongly bilobed; each elytron with two broad, longitudinal, yellowish vittae, 
suture, middle of disk and often, lateral margins, dark vittate; pubescence toward apex dense, ap¬ 
pressed; apices sinuate truncate, inner angles very lightly dentate. Scutellum glabrous, black, longer 
than broad, acute at apex. Legs slender, stout; hind femora not attaining elytral apices, sparsely punctate 
and pubescent; hind tibiae moderately densely clothed along edges with short, suberect setae; hind 
tarsi short, moderately broad, segment 1 shorter than two following together. Abdomen densely pu¬ 
bescent, medially glabrous; last stemite subtruncate, shallowly emarginate at middle. Length, 16-21 
mm. 

Female. —Form similar. Antennae subserrate, a little longer than body, segment 11 pointed at apex. 
Abdomen with last stemite broadly truncate. Length, 16-19 mm. 

Diagnosis. — S. toledoi may be separated from S. bivittatus by the larger size, 
11-segmented antennae of males and basally thicker antennal segments. It differs 
from S. picticornis by the feebly bilobed base of the elytra, usually broad yellow¬ 
ish elytral vittae, and 11-segmented antennae of males. S. maccartyi may be sep¬ 
arated by the strongly dentate outer angles of the elytral apices and 12-segmented 
antennae of males. 

Etymology. —We dedicate this species to V. H. Toledo to acknowledge his col¬ 
lecting efforts. 

Sphaenothecus maccartyi Chemsak and Noguera, NEW SPECIES 

(PI. 4) 

Sphaenothecus sp.; Chemsak and Noguera, 1993: 64. 

Taranomis bivittata bivittata\ (not Dupont) Chemsak and Noguera, 1993: 64. 

Types. —Holotype male: MEXICO. JALISCO : Chamela, 18 Feb 1986, R. Ay¬ 
ala; allotype, Estacion de Biologia Chamela, emerged ex Stemadenia sp., 7 Oct 
1985, F. A. Noguera; deposited in Instituto de Biologia, UN AM, Mexico. Para- 
types, all from Estacion de Biologia Chamela as follows: 25 males, 10 females, 
1-8 Dec 1988, J. A. Chemsak, J. D. MacCarty (EMEC and J. D. MacCarty 
collection); 1 male, 7 Dec 1977, H. Brailovsky (UNAM); 3 males, 3 females, 
Dec 1986, host Caesalpinia eriostachys Benth, FANM 499, S. H. Bullock; 1 
female, Dec 1986, host Caesalpinia sclerocarpa Standi., FANM 501, S. H. Bul¬ 
lock; 1 male, 3 Feb 1987, FANM 449, host Amphipterigium adstringens 
(Schlecht.) Schiede, F. A. Noguera; 1 female, 3 Feb 1987, FANM 454, host Com- 
ocladia engleriana Loes, F. A. Noguera; 1 male, 2 females, 5 Feb 1987, FANM 
462, host Caesalpinia eriostachys, F. A Noguera; 1 female, 9 Feb 1987, FANM 
485, host Spondias purpurea L., F. A Noguera; 1 female, 13 Feb 1987, FANM 
521, host Caesalpinia sclerocarpa , F. A Noguera; 2 males, 13 Feb 1987, FANM 
525, host Bur sera instabilis McVaugh & Rzed., F. A Noguera; 1 female, 18 Feb 
1987, FANM 539, host Delonix regia (Boj.), F. A Noguera; 2 females, 20 Feb 
1987, FANM 604, host Caesalpinia caladenia Standi., F. A. Noguera; 1 female, 
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2 Apr 1987, FANM 610, host Pithecellobium mangense (Jacq.) MacBride, F. A. 
Noguera; 1 male, ex: Stemadenia, 2 Oct 1985, Noguera; 4 males, 3 females, 7— 

9 Dec 1986, on flowers of Caesalpinia eriostachys, F. A. Noguera; 3 males, 2 
females, 9 Dec 1987, 14 Jan 1987, on Caesalpinia flowers, F. A. Noguera; 1 male, 
27 Sep 1987, Noguera; 1 female, 9 Dec 1984, ovipositing on dead branch of 
Ipomoea wolcottiana Rose, Noguera; 1 male, 22 Nov 1985, Noguera; 1 male, 18 
Feb 1986, R. Ayala (EBCC). One additional male paratype from 8 km (5 mi) N 
of Mazatlan, Sinaloa, Mexico, 12 Dec 1988, Chemsak (EMEC), and 2 males, 1 
female, Rio San Nicolas, Chamela, 18 Nov 1985, R. Ayala (EBCC). 

Male .—Form moderate sized, tapering; integument reddish, head pronotum, apices of antennal seg¬ 
ments, apices of femora, elytra often partially infuscated; pubescence sparse to dense, short, appressed 
and long and erect. Head small; antennal tubercles not prominent, apically obtuse; vertex linearly 
impressed, vaguely callused; pubescence fine, short, golden, appressed with long, erect hairs numerous 
around eyes; antennae slender, 12-segmented, about 2 X as long as body, scape slender, slightly 
cylindrical, a little more than 2 X as long as broad, carinate basally, basal segments moderately densely 
clothed with short, dark, subdepressed setae, outer segments very finely pubescent, segments 3-8 
slightly enlarged at apices, segment 3 as broad as and longer than scape, 4 equal to 3, 5 subequal to 
4. Pronotum broader than long, sides broadly rounded; disk convex, impressed at middle near base, 
basal margin narrowly lobed at middle; punctures fine, sparse, irregular, transverse; each side with a 
slightly curved, broad, golden pubescent, longitudinal vitta, sides with numerous long, erect hairs; 
prosternum lightly impressed near apex, densely golden pubescent, medially glabrous. Elytra a little 
more than 2 X as long as broad; basal margin moderately strongly bilobed; punctures fine, sparse at 
base, dense along suture and between vittae; each elytron with 2 narrow, longitudinal ebumeous vittae, 
vittae usually broadly yellowish and extending to apex, suture and disk dark vittate; pubescence rather 
sparse, short depressed; apices sinuate, outer angles usually strongly dentate, inner angles with small 
teeth. Scutellum about 1.5 X longer than broad, glabrous. Legs slender; hind femora not attaining 
elytral apices, sparsely punctate and pubescent; hind tibiae moderately densely clothed with fine, dark, 
suberect setae; tarsi black, hind pair slender, segment 1 slightly shorter than two following together. 
Abdomen densely pubescent, glabrous medially; last stemite narrowly subtruncate. Length, 10-18 
mm. 

Female .—Form similar. Antennae 11 segmented, slightly longer than body, segments subequal in 
diameter, eleventh appendiculate. Abdomen with last stemite broadly subtruncate. Length, 12-15 mm. 

Diagnosis. —This species is distinctive by the usually strongly dentate outer 
angles of the elytral apices. It averages smaller in size than S. toledoi and also 
differs from that species by the 12-segmented antennae of males. S. maccartyi 
also differs from S. bivittatus by the broader yellowish vittae of the elytra and by 
the shorter hind femora which do not attain the apices of the elytra. 

Etymology. —We are pleased to dedicate this species to J. D. McCarty for his 
interest, assistance, and collecting efforts. 

Remarks. —A series of 12 males, 7 females from 16 km W of Ocozocoautla, 
“El Aguacero”, Chiapas, Mexico, 2 Nov 1994 to 4 Mar 1995, V. H. Toledo, 
appear assignable to this species. These are identical in all respects to the Jalisco 
and Sinaloa populations except for the outer angles of the elytral apices which 
are only lightly dentate. 

SPHAENOTHECUS FACETUS CHEMSAK AND NOGUERA, NEW SPECIES 

(PI. 6) 

Types. —Holotype male: COSTA RICA. GUANACASTE: Santa Cruz, 28 Nov 
1985; allotype: Comelco, 8 km NW of Bagaces, 10 Apr 1971, P. Opler; deposited: 
Essig Museum of Entomology, University of California, Berkeley. Paratypes, all 
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Plates 6-7. Plate 6, Sphaenothecus facetus NEW SPECIES; Plate 7, S. trilineatus Dupont. 


from same Province as follow: 3 males, 5 females, Comelco, 8 km NW of Ba- 
gaces, 10 Apr 1971, 24-25 Jan 1972, 3 Feb 1972, P. Opler; 1 male, 1 female, 
Comelco, 4 km NW of Bagaces, Area A, on flowers of Bullthom (Acacia sp.), 
P. Opler; 2 males, 1 female, Canas, 5 Jan 1972, F. Cordero; 2 males, 1 female, 
Hacienda La Pacifica, 5 km NW of Canas, 1-10 Jan 1974, 1 Feb 1972, G. Frankie, 
17 Feb 1972; 1 male, 1 female, Santa Rosa National Park, 7-9 Dec 1979, D. H. 
Janzen, 2-11 Mar 1980, Janzen and Hallwachs. Two additional male paratypes 
from: GUATEMALA. ZACAPA : 1 male, Gualan, 22 Jan 1905, J. A. Hine; 1 
female, 2 km E of Santa Cruz, 14 Jun 1991, E. Giesbert. All the paratypes de¬ 
posited in EMEC except 2 specimens in EBCC and 1 in Giesbert Collection. 

Male .—Form moderate sized, tapering; integument reddish-brown, antennae darker; pubescence 
white to creamy, appressed, forming 3 longitudinal vittae on elytra and 2 on pronotum. Head small; 
antennal tubercles prominent, apices acutely elevated; front short, deeply impressed; vertex linearly 
impressed; pubescence sparse, denser on front; antennae slender, 12-segmented, extending 5-6 seg¬ 
ments beyond apices of elytra, scape short, about 2 X as long as broad, flattened basally dorsally and 
ventrally, dorsally carinate near base, segments 3-8 slightly enlarged at apices, segments 5-10 dorsally 
vaguely carinate, basal segments clothed with short, subdepressed, blue-black setae, segment 3 longer 
than 1, 4 subequal to 3, 5 longer than 4. Pronotum slightly broader than long, sides ocassionally with 
a small lateral tubercle; base broadly impressed laterally; disk convex, impressed medially near base; 
punctures moderately sparse, transversely placed; pubescence sparse, each side with a broad densely 
pubescent longitudinal vitta, basal impression with a rounded pubescent spot, long, fine, erect hairs 
numerous at sides below vittae; prostemum narrowly impressed at apex, densely clothed with sub¬ 
depressed pubescence; meso- and metastemum medially glabrous, sides clothed with dense, appressed 
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pubescence. Elytra a little more than 2 X as long as broad, tapering apically; basal margin moderately 
sinuate; each elytron with a narrow pubescent fascia along suture and a slightly broader one on disk 
ending just before apex; punctures fine, well separated; apices sinuate. Scutellum narrow, elongate, 
densely pubescent. Legs slender; femora gradually enlarged toward apex, not extending to elytral 
apices, finely, moderately densely punctate, pubescence short, depressed, moderately dense; hind tibiae 
clothed with short, dark, subdepressed setae; hind tarsi moderately broad, segment 1 shorter than two 
following together. Abdomen medially glabrous, sides densely clothed with appressed pubescence; 
last stemite very shallowly, narrowly emarginate truncate at apex. Length, 15-22 mm. 

Female .—Form similar, more robust. Antennae about as long as body. Abdomen with last stemite 
broadly rounded. Length, 15-22 mm. 

Diagnosis .— The broad, basally flattened antennal scape immediately identifies 
this species. Additionally the dark reddish-brown integument and usually creamy 
colored pubescent vittae make it distinctive. 

Etymology .— The name, facetus, alludes to the elegant appearance of this species. 

SPHAENOTHECUS TRIUNEATUS DUPONT 

(PI- 7) 

Sphaenothecus trilineatus Dupont, 1838; 57, pi. 219, Fig. 3; Casey, 1912: 333; 

Linsley, 1935: 100; Chemsak, Linsley and Mankins, 1980: 33; Chemsak and 

Noguera, 1993: 64. 

Sphenothecus trilineatus ; White, 1853: 85; Bates, 1880: 84; 1885: 329. 
Sphaenothecus tomentosus Dupont, 1838: 56, pi. 219, Fig. 1; Casey, 1912: 333. 
Sphenothecus tomentosus-. White, 1853: 85; Bates, 1880: 84; 1885: 328. 
Sphoenothecus tomentosus ; Thomson, 1864: 205. 

Sphaenothecus trilineatus V. tomentosus; Blackwelder, 1946: 589. 

Sphaenothecus lateralis Bates, 1880: 329. 

Sphaenothecus trilineatus v. lateralis; Blackwelder, 1946: 589. 

Male .—Form moderately large, tapering; integument black; pubescence short, dense, appressed, 
creamy to yellowish, forming 2 longitudinal fasciae on pronotum and 3 prominent fasciae on elytra. 
Head small; antennal tubercles prominently elevated, apices obtuse; vertex linearly impressed, irreg¬ 
ularly punctate; pubescence on front, above and below eyes dense, appressed; antennae slender, 12- 
segmented, at least 2 X as long as body, scape cylindrical, slightly broader at apex, vaguely carinate 
basally, basal segments clothed with short subdepressed, violet-black setae, outer segments densely 
clothed with very short, fine, dark, appressed pubescence, segments 4-8 slightly enlarged at apices, 
segments 11 and 12 almost fused, segment 3 slightly narrower than scape, segment 3 longer than 
scape, 4 subequal to 3, 5 longer than 4. Pronotum slightly broader than long, sides broadly rounded; 
disk convex, impressed at middle near base; basal margin broadly arcuate, not lobed; punctures fine, 
rather sparse, center often with an impunctate area; each side with a broad, longitudinal, densely 
appressed pubescent vitta, middle often with an incomplete vitta or at least a pubescent spot on basal 
impression, long, erect, pale hairs numerous at sides; prostemum barely impressed, densely pubescent; 
meso- and metastemum densely golden pubescent, middle glabrous. Elytra a little more than 2 X as 
long as broad; basal margin slightly arcuate, not bilobed; punctures fine, sparse; each elytron with a 
narrow to broad longitudinal, densely appressed pubescent fascia, sutural pair usually narrower, epi- 
pleura with a narrow pubescent fascia on basal one-half; apices sinuate truncate, angles unarmed. 
Scutellum longer than broad, densely pubescent. Legs slender, robust; hind femora not extending to 
elytral apices, rather sparsely punctate, usually with a dorsal patch of appressed pubescence at basal 
one-half; hind tibiae densely clothed with short, dark, subdepressed setae; hind tarsi moderately broad, 
first segment shorter than following two together. Abdomen densely pubescent, glabrous medially; last 
stemite narrow, shallowly emarginate at apex. Length, 16-25 mm. 

Female .—Form similar, more robust. Antennae a little longer than body, 11-segmented, segments 
subserrate, 11 strongly appendiculate. Abdomen with last sternite broadly rounded at apex. Length, 
15-25 mm. 
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Diagnosis. —The large size, black integument and pubescent fascia of the elytra 
distinguish this species. It differs from S. facetus by the dark integument and 
longer, non-flattened antennal scape. 

Type Locality. —Of trilineatus, Mexico; tomentosus, Mexico; lateralis, Mexico. 

Range. —Southern Texas to Veracruz, Sinaloa to Oaxaca. 

Flight Period. —September to February. 

Host Plants.—Amphipterigium adstringens, Spondias purpurea, Lonchocarpus 
magallanesii , Delonix regia. Acacia angustissima (Mill.) KTze., Caesalpinia er- 
iostachys, Caesalpinia platyloba S. Wats, Caesalpinia sp., Ceiba pentandra (L.) 
Gaertn. 

Remarks. —The width of the pubescent elytral fasciae varies considerably. 
Specimens from eastern Mexico tend to have the fasciae thin and cream colored. 
Those from western Mexico tend to have the fasciae broader and yellow. 

There is at hand a single male from Brownsville, Texas, June 1925, G. Linsley, 
which represents the first record to the United States fauna. 

Adults can be encountered on the flowers of Acacia, Apoplanesia paniculata 
Presl., Caesalpinia, Croton, Leucaena, Lonchocarpus and Ipomoea. 

Material Examined. —MEXICO. CHIAPAS : 23 males, 8 females, 16 km W of Ocozocuatla, El 
Aguacero, 4-16 Nov 1994, 3-10 Dec 1994, 31 Jan 1995, V. H. Toledo. GUERRERO : 3 males, 2 
females, 13 km NW of Iguala, 12 Sep 1982, Powell & Chemsak; 1 male, 1 female, 23 km W of 
Iguala, 11—16 Sep 1982, Powell & Chemsak; 9 males, 11 females, Zopilote Canyon, 8 km S of 
Mezcala, 17 Sep 1982, Chemsak. JALISCO'. 65 males, 59 females from Estacion de Biologia Chamela 
as follow, 3 Jan 1983, S. H. Bullock; 12 Nov 1983, Bullock; 11 Dec 1983, Bullock; 17 Jan 1985, 
THA 104, host Caesalpinia sp., emerged 27 Jul 1985, Atkinson & Noguera; 6 Feb 1985, THA 143, 
host Ceiba pentandra, emerged 5 Jul 1985, Atkinson; 23 Feb 1985, FANM 205, host Lonchocarpus 
magallanesii, emerged 13-26 Jun 1985, 1-27 Jul 1985, 2-24 Aug 1985, 2-15 Sep 1985, Noguera; 
14 Mar 1985, FANM 220, host Caesalpinia platyloba, emerged 5 Jul 1985, Noguera; 1 Apr 1985, 
Noguera; 18 Jun 1985, Noguera; 30 Sep 1985, A. Rodriguez; 25 Oct 1985, M. Sanchez; 13 Dec 85, 
on flowers of Caesalpinia eriostacliys, A. Rodriguez; 2 Jul 1986, Noguera; 22 Jul 1986, AR30a, on 
flowers of Acacia sp., A. Rodriguez; 28 Aug 1986, M. Sanchez; 22 Sep 1986, FANM 410a, Noguera; 
3 Oct 1986, R. A. Usela; 14/23 Oct 1986, Chemsak; 14 Nov 1986, Noguera; 7 Dec 1986, FANM 
433d, on flowers of Caesalpinia eriostacliys, Noguera; 9 Dec 1986, FANM 436, Noguera; 5 Feb 1987, 
FANM 464, host Spondias purpurea, Noguera; 9 February 1987, FANM 505, host Spondias purpurea, 
Noguera; 12 Feb 1987, FANM 510-512, host Delonix regia, Noguera; 18 Feb 1987, FANM 543, host 
Delonix regia, Noguera; 13 Mar 1987, FANM 570, host Acacia angustissima, Noguera; 13 Mar 1987, 
FANM 574, host Amphipterigium adstringens, Noguera; 25 Sep 1987, FANM 683b, on flowers of 
Leucaena sp., Noguera; 25 Sep 1987, FANM 683c, on flowers of Apoplanesia paniculata, Noguera; 
7 Oct 1987, FANM 685b, on flowers of Leucaena sp., Noguera; 17 Oct 1987, Chemsak; 20-22 Oct 
1987, J. Powell; 7-15 Jul 1987, Chemsak, E. & J. Linsley; 1-8 Dec 1988, Chemsak; 21 Nov 1991, 
E Ramirez; 2 males, Jose Maria Morelos, 13 Aug 1985, 5 Sep 1985, M. Sanchez; 5 females, Quemaro, 
25 Oct 1985, Atkinson; 6 males, 3 females, 7 km NE of Melaque, 16-23 Oct 1986, Chemsak; 4 
males, 2 females, 4 km N of Melaque, 27 Oct 1986, FANM 427a, Noguera; 3 males, 1 female from 
Careyes as follow, 17 Oct 1986, on flowers of Lonchocarpus sp., Noguera; 21 Dec 1992, Chemsak 
& Katsura; 5 females, 1 male, 8 km N of Autlan, 8 Oct 1993, Carrillo, Rodriguez & Noguera; 3 
males, 1 female, El Corcovado, 12 Sep 1994, alt. 940 m, G. Nogueira; 1 female, Sayula, Isla Chica, 
B. espinoso, 1366 m, 13 Nov 1994, S. Gallegos. MORELOS : 3 males, 1 female, 9.6 km (6 mi) S of 
Amacuzac, 9 Oct 1963, Michelbacher; 1 male, 1 female, Tequesquitengo, 1 Oct 1959, E. Gonzalez; 
1 female, Yautepec, 13 Jul 1963, Parker, Stange; 1 male, Canon de Lobos, 22 Dec 1948, A. C. Smith; 
1 female, Progreso, 3 Feb 1949, J. Hernandez; 2 females, Cuernavaca, 5 Nov 1989, 1700 m, A. 
Burgos; 24 males, 8 females, 2.5 km N, 4 km W Huatla, Estacion CEAMISH, 940 m, 18°40'.671 N 
99°02'.475 W, 16 Nov 1995 to 14 Jan 1996, R. Ayala, E A. Noguera, E. Gonzalez, E. Ramirez, A. 
Rodriguez; 6 males, 12 females, 2.5 km W Ajuchitlan, 950 m, 18°28'.065 N 98°59'.548 W, 17 Nov 
1995 to 17 Jan 1996, R. Ayala, A. Rodriguez, A. Perez, Noguera. MICHOACAN: 1 female. Laguna 
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Zicuiran, 4 Nov 1992, Rodriguez & Noguera; 1 female, 6 km W of La Placita, 214 km W Playa Azul, 

7 Nov 1987, R. Ayala. OAXACA: 2 males, 1 female, 36.8 km (23 mi) S of Matias Romero, 14 Aug 
1963, Paker, Stange; 2 females, 6.4 km (4 mi) E of El Camaron, 13 Oct 63, A. E. Michelbacher; 1 
male, 7.2 km (4.5 mi) E of Tehuantepec, 13 Sep 1959, Cantrall, Cohn; 2 females, 12.8 km (8 mi) 
NW of Tutla, 6 Oct 1975, Chemsak; 1 female, 15 km S of Rio Grande, 24 Oct 1989, Noguera & 
Rodriguez; 5 females, 2.5 km NE of Puerto Angel, 27 Oct 1989, Noguera & Rodriguez. PUEBLA: 2 
males, 9.6 km (6 mi) SE of Acatlan, 8 Oct 1975, Chemsak; 1 female, 9.6 km (6 mi) S of Zapotitlan, 

6 Oct 1975, Chemsak. SINALOA: 2 males, Elota, 29 Aug 1960, Westcott; 2 males, 3 females, Gua- 
muchil, 27 Oct 1965, G. E. & A. S. Bohart; 2 females, 1.6 km (1 mi) SE of Mazatlan, 25 Dec 1968, 
D. L. Briggs. VERACRUZ: 1 female, 43.2 km (27 mi) E of Jalapa, 31 Oct 1973, Williams, Mullinex. 
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SPHENOPTERA JUGOSLAVICA OBENBERGER 
(COLEOPTERA: BUPRESTIDAE) FOR BIOLOGICAL 
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DIFFUSA LAMARCK) IN THE MIDWESTERN AND 
WESTERN UNITED STATES 
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Abstract.—Sphenoptera jugoslavica Obenberger (Coleoptera: Buprestidae) is a root boring beetle 
imported to the United States as a biological control agent against Centaurea diffusa Lamarck 
(Asterales: Asteraceae). United States Department of Agriculture, Animal and Plant Health In¬ 
spection Service, Plant Protection and Quarantine personnel and research collaborators conducted 
an intensive collection and redistribution program, releasing this biological control agent in 11 
states and 61 counties from 1980 to 1996. Establishment and recovery has been confirmed in 8 
states and 48 counties. 

Key Words .—Insecta, biological control, weed, Sphenoptera, Centaurea. 


Diffuse knapweed (Centaurea diffusa Lamarck) (Asterales: Asteraceae), an ac¬ 
cidentally introduced European biennial, or short-lived perennial has invaded and 
lowered the productivity of rangeland, pasture, wildlands, and wastelands in North 
America. The plant is seed dependent for reproduction, survives on dry disturbed 
lands with a northern distributional range in British Columbia at latitude 51° N, 
and is found at altitudes ranging from 150 to over 900 m (Watson & Renney 
1974). Diffuse knapweed has an elongated taproot and usually forms a rosette in 
the spring or fall (Watson & Renney 1974). The plant is adapted to remain in the 
rosette state for more than one year if climatic conditions or the stage of growth 
are not conducive to bolting and seed production, an adaptation that is controlled 
by vernalization (Thompson & Stout 1991). 

In western North America diffuse knapweed was first collected in an alfalfa 
field in Klickitat County, Washington in 1907 (Howell 1959). No other collections 
were reported in Washington until the 1930’s. By 1985, diffuse knapweed was 
reported in Washington (11 counties), Montana (10 counties), Idaho (5 counties), 
and Oregon (5 counties) (Roche & Talbott 1986). Between 1989 and 1993, diffuse 
knapweed infested area in Washington (Piper 1989) increased from 173,150 ha 
to 641,993 ha of rangeland (Roche 1994). To diminish the severity and to halt 
the rapid spread of C. diffusa, a complex of European phytophages has been 
evaluated and released against the weed in North America (Schroeder 1985, Mull- 
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er & Schroeder 1989, Rees et al. 1996). Importations have included the capitulum- 
attacking insects Bangasternus fausti (Reitter) (Coleoptera: Curculionidae) (1991), 
Larinus minutus Gyllenhal (Coleoptera: Curculionidae) (1991), Urophora ajftnis 
Frauenfeld (Diptera: Tephritidae) (1970), and U. quadrifasciatci (Meigen) (Dip- 
tera: Tephritidae) (1970), and the root-destroying insects Agapeta zoegana L. 
(Lepidoptera: Cochylidae (1984), Pelochrista medullana (Staudinger) (Lepidop- 
tera: Tortricidae) (1983), Pterolonche inspersa Staudinger (Lepidoptera: 
Pterolonchidae) (1986), Cyphocleonus achates (Fahraeus) (Coleoptera: Curcu¬ 
lionidae) (1987), and Sphenoptera jugoslavica Obenberger (Coleoptera: Bupres- 
tidae) (1979) (Story & Nowierski 1984). 

Sphenoptera jugoslavica adults consume diffuse knapweed foliage and the lar¬ 
vae feed in the roots (Powell & Myers 1988). The adults emerge in early July 
and live up to 30 d. Mating begins within 1 to 2 d and oviposition within 5 to 
12 d continuing for 7 to 22 d (Zwolfer 1976). The eggs are generally positioned 
between the appressed petioles of the rosette leaves and sometimes on the petioles. 
Oviposition is synchronized with plant growth, the eggs being laid on inactive 
rosettes in order to prevent them from being crushed or displaced during rapid 
plant growth (Zwolfer 1976, Powell & Myers 1988). A female S. jugoslavica 
produces about 47 eggs during her lifetime, laying 1 to 7 eggs per plant (Zwolfer 
1976). Normally only one larva develops in a root (Harris & Shorthouse 1996). 
A newly hatched larva feeds externally on basal tissue prior to its first molt after 
which it tunnels into the root. The plant forms a spindle-shaped gall around the 
larva which feeds upon the cortical tissue lining the gall (Powell & Myers 1988, 
Harris & Shorthouse 1996). The entry tunnel leading to the gall and the gall itself 
are filled with frass. The beetle overwinters as a larva in the root and resumes 
feeding in the spring. Pupation begins in late May, and the pupal period lasts 15 
to 21 d (Rees et al. 1996). Because of microclimatic variables that affect larval 
and pupal development, there is a staggered emergence of adults from May to 
July. Newly formed adults remain in the pupal chamber for 2 to 5 d before 
gnawing an exit hole near the root crown and emerging (Zwolfer 1976). The 
insect is univoltine. 

Materials and Methods 

Sphenoptera jugoslavica was approved for release as a biological control agent 
for diffuse knapweed in the United States on 17 May 1979 by the United States 
Department of Agriculture (USDA), Animal and Plant Health Inspection Service 
(APHIS), Plant Protection and Quarantine (PPQ). The beetle was first released in 
the United States in 1980 in California, Idaho, Oregon, Washington and in Mon¬ 
tana (1983) by USD A, Agricultural Research Service. The release material orig¬ 
inated in Greece (Table 1). Major releases of S. jugoslavica adults, collected at 
White Lake, British Columbia, Canada, were made in Idaho, Montana, Oregon, 
and Washington between 1987 to 1992 by USD A, APHIS, PPQ and research 
collaborators. Caged and uncaged releases of the biocontrol agent were made from 
1987-1996 in Arizona, Colorado, Idaho, Montana, Nebraska, Nevada, Oregon, 
South Dakota, Utah, Washington, and Wyoming (Table 1). To document estab¬ 
lishment, some cooperators were instructed to use insect nets to sweep in con¬ 
centric circles starting at the point of release and working their way outward to 
a distance of approximately 6 m. Sweeping was conducted in mid-July during the 
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Table 1. Sphenoptera jugoslavica releases and status in the midwestem and western United States, 
1983-1996. 


State 


County 


Release Year 


Status 


Arizona 

Colorado 

Idaho 

Montana 

Nebraska 

Nevada 

Oregon 


South Dakota 
Utah 

Washington 


Coconino 

Gila 

Archuleta 

Boulder 

Douglas 

Jefferson 

Benewah 

Blaine 

Camas 

Gooding 

Jerome 

Lincoln 

Broadwater 

Fergus 

Lewis & Clark 

Mineral 

Sweet Grass 

Pierce 

Washoe 

Baker 

Deschutes 

Gilliam 

Hood River 

Jackson 

Jefferson 

Lake 

Malheur 

Morrow 

Multnomah 

Sherman 

Umatilla 

Union 

Wallowa 

Wasco 

Wheeler 

Shannon 

Tripp 

Weber 

Adams 

Asotin 

Benton 

Chelan 

Columbia 

Ferry 

Franklin 

Garfield 

Grant 

Kittitas 

Klickitat 

Lewis 

Lincoln 


1993 


Not established 

1994 



Not established 

1991 



Not established 

1991 



Not established 

1991, 1993-1994 


Established 3 

1992 



Not established 

1994 



Not monitored 

1987 



Not monitored 

1990 



Not monitored 

1990 



Established 

1987-1989 


Established 

1987 



Established 

1996 



Not monitored 

1990 



Established 

1983, 

1989-1990 


Established 

1993 



Not monitored 

1994-1995 


Recovered 

1993, 1995 


Not established 

1994 



Not established 

1993 



Established 

1989 



Established 

1989 


Established 

1989 


Established 

1983 


Established 

1989 


Established 

1989 


Established 

1989 


Established 

1989 


Established 

1996 


Recovered 

1988 


Established 

1989 


Established 

1989 


Established 

1989 


Established 

1987-1989 

Established 

1996 


Recovered 

1994, 1995 

Established 

1990 


Established 

1993, 1994 


Established 

1990 



Established 

1989 



Established 

1988-1990 


Established 

1995 



Established 

1995 



Established 

1987 



Established 

1995 



Established 

1989 


Established 

1988, 1993 

Established 

1988 


Established 

1985, 

, 1989-1990 

I, 1993 

Established 

1992 


Established 

1989 


Established 
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Table 1. Continued. 


State 

County 

Release Year 

Status 


Okanogan 

1983, 1985-1987, 




1991-1993 

Established 


Skamania 

1988 

Established 


Spokane 

1988, 1989, 1990, 1993 

Established 


Stevens 

1985-1989, 1991, 




1993-1995 

Established 


Walla Walla 

1QSC 1QC£ 1QSQ 

Established 





Whitman 

1984, 1986, 1989 


Established 

Washington 

Yakima 

1988-1990 


Established 

Wyoming 

Johnson 

1995 


Established 


Lincoln 

1995 


Not established 


Natrona 

1994 

Established 


a Sphenoptera jugoslavica is considered established if larvae or adults are recovered the second year 
after release. 


latter part of the day from 1700 to 2000 h on calm, warm, dry days. Sites in 
Colorado, Idaho, Montana, Nebraska, Utah, Washington, and Wyoming were per¬ 
sonally (R. F. L.) visited during March and 20 plants were collected randomly 
within 6 m of the release point and taken to a laboratory where they were dissected 
to ascertain larval presence. 

The buprestid is considered established if larvae or adults were recovered the 
second year after release. Collection of adult S. jugoslavica for redistribution is 
recommended when 25% of a 20 root sample is infested with larvae. 

Results and Discussion 

Sphenoptera jugoslavica has been released in 11 states and 61 counties (Table 
1). Establishment has been confirmed in all states except Arizona, Nebraska, and 
Nevada. In Colorado, establishment and redistribution has occurred in Douglas 
County from the 1991-1994 releases; no recoveries were made in the other release 
counties. In Idaho, confirmed establishment occurred in Jerome and Lincoln 
Counties from 1987-1989 releases. In Montana, establishment occurred in Fergus 
and Lewis & Clark Counties from 1987-1990 releases. Beetles collected from 
Lewis & Clark County were released and later recovered in Sweet Grass County. 
In Oregon, establishment occurred in 16 counties from 1987-1990 releases. Adult 
S. jugoslavica are strong fliers and have readily colonized uninfested knapweed 
stands in Oregon. In South Dakota, establishment occurred in Shannon and Tripp 
counties from 1990, 1994, and 1995 releases. In Utah, Weber county establish¬ 
ment occurred from 1993—1994 releases and in Washington county establishment 
occurred in 20 counties from 1987-1995 releases. In Wyoming establishment 
occurred in Johnson and Natrona counties from 1994-1995 releases (Table 1). 
Intrastate collections and redistribution of S', jugoslavica in Montana, Oregon, 
Utah, Washington, and Wyoming have been made from established populations. 

Sphenoptera jugoslavica is presently well established in the mid western and 
western United States. Extensive collection and redistribution has occurred in 5 
states and researchers have noted that the bioagent is redistributing itself naturally. 
Sphenoptera jugoslavia will continue to spread unaided to other diffuse knapweed 
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infestations throughout the midwestem and western states. This movement should 
be monitored as the beetle invades new states and counties. 
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LACANOBIA SUBJUNCTA (LEPIDOPTERA: NOCTUIDAE) 
ON TREE FRUITS IN THE PACIFIC NORTHWEST 

Peter J. Landolt 
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Abstract .—Larvae of the noctuid moth Lacanobia subjuncta (Grote & Robinson) were collected 
on commercial apple trees, as well as pear and plum trees, in central Washington and north 
central Oregon, during June to September 1996. Larvae were reared to adult on foliage of the 
tree species on which they were collected. Adult moths were captured in molasses-baited traps 
placed in apple orchards, primarily from mid May to early June and again in August 1996 near 
Yakima, Washington. In the laboratory, L. subjuncta were successfully reared from egg to adult 
on several herbaceous weed species common in local tree fruit orchards. Multiple generations 
were successfully reared from egg to adult on apple seedlings grown in a greenhouse. 

Key Words. —Insecta, cutworm, apple, host plant, rearing. 


Fruitworms and cutworms in the family Noctuidae are occasional and minor 
pests of tree fruits. Howell (1993) reviewed the biology of several species of 
Noctuidae occurring on foliage and fruit of tree fruits in the Pacific Northwest 
(PNW), referring primarily to apple and pear. Three noctuid species were reported 
to use tree fruits as primary hosts and are occasional pests in organic orchards or 
on backyard trees (Howell 1993). These are the green fruitworm Lithophane an- 
tennata (Walker), the speckled green fruitworm Orthosia hibisci Guenee, and the 
pyramidal fruitworm Amphipyra pyramidoides Guenee. 

All three species of fruitworm are widespread throughout much of temperate 
North America (Coveil 1984, Crumb 1956), but their pest status in the PNW is 
unknown. Recently, damage to apple fruit in Washington has been linked to cut¬ 
worms without identification of the species causing the problem (Warner 1996, 
Landolt 1997). It is not clear what species of Noctuidae may be causing damage 
to apple in the PNW because published accounts of collections and identifications 
of noctuid larvae from tree fruits are generally lacking. 

The objective of this study was to verify the species of noctuids on apple in 
central Washington that may be contributing to crop losses, particularly in organic 
orchards and orchards using mating disruption to control codling moth, Cydia 
pomonella L. Reported here is the identification of a single species, Lacanobia 
subjuncta Grote & Robinson, from larvae collected and reared from apple, pear, 
and plum from multiple localities in Washington and Oregon. Additionally, the 
pattern of adult L. subjuncta activity through the season (indicating the number 
of generations per year) and successful larval development on five species of 
herbaceous plants common in orchards are reported. 

Materials and Methods 

In order to obtain identifiable adult specimens, all noctuid larvae collected from 
fruit trees during 1996 were reared in the laboratory on foliage of the tree species 
on which they were collected. Collections were largely from three sources: 1) 
weekly systematic sampling for spiders (from beating tray samples) in three apple 
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orchards (June through mid-October), 2) nonsystematic sampling for larval leaf- 
rollers (Torticidae) in apple, pear and plum orchards, and 3) from pest control 
advisors sampling in response to visible damage to foliage and fruit. Larvae were 
placed in glass jars with field-collected foliage of the host species on which they 
were collected. Foliage was added or exchanged as needed and 3 cm of damp 
soil was placed in the bottom of jars as a pupation medium. Emerged moths were 
pinned and spread as voucher specimens which are deposited in the collection of 
the author, in the M. T. James Entomological Collection, Washington State Uni¬ 
versity, Pullman, WA, and in the W. F. Barr Entomological Collection at the 
University of Idaho, Moscow, ID. 

Lacanobia subjuncta were reared in the laboratory for one generation on apple 
sucker growth cut in commercial apple orchards, and then for multiple generations 
on apple seedlings grown in a greenhouse. Eggs for this colony were obtained 
from females that were captured in a light trap placed in an apple orchard during 
August 1996. About 60 females were placed individually in 20 ml polystyrene 
snap cap vials. Eighteen of these females laid eggs. Vials containing eggs were 
held in an environmentally controlled room (22° C, 70% RH) until eggs hatched 
and neonate larvae were moved with a fine camel hair brush to ten, 4-liter glass 
jars containing apple foliage. Fifty larvae were placed in each jar. Foliage was 
added or exchanged as needed and 3 cm of damp soil was added when larvae 
were mature, as a pupation medium. About 250 pupae were removed from the 
soil, sorted by sex, and placed into paper cups in screened cages for adult emer¬ 
gence. 

Subsequent generations were reared in the laboratory on potted apple seedlings 
grown in a greenhouse. Eggs were obtained from lab-reared moths placed in 10 
X 15 X 20cm plastic boxes with screened lids. Each box contained water and 
sugar-water on cotton balls in plastic petri dishes (4 cm diam) and one or two 
pairs of adult moths. Eggs or hatching larvae were transferred to 45 X 45 X 45 
cm screened cages containing potted apple seedlings (40-60 cm tall). Seedlings 
were added as needed, and 3-5 cm of damp vermiculite was placed in the bottom 
of cages as a pupation medium. One hundred to 200 larvae were placed in each 
cage. Pupae were removed from vermiculite and potting soil, sorted by sex, and 
placed into paper cups in screened cages for adult emergence. This colony was 
used to provide larvae for assessments of host plant suitability. 

The seasonal pattern of L. subjuncta moth activity was documented in two field 
tests of moth attraction to food baits. Both trapping experiments were part of a 
study of codling moth attraction to sweet baits. Traps for both tests were set up in 
early May and were maintained until the third week of September, 1996. Traps 
were checked, and moths removed, on most days and bait was replaced every two 
weeks. In test A, eight traps were baited with 10% aqueous solutions of molasses 
(Grandma’s Molasses, unsulphured, Motts; USA, Stamford, CT) and eight traps 
were baited with aqueous solutions of jaggery, a palm sugar extract (Indian Kol¬ 
hapur Jaggery, House of Spices Inc., Jackson Heights, N.Y.) (Landolt 1995). All 
16 traps were glass McPhail traps (Newell 1936) containing 200 ml of bait. The 
test was conducted within a Golden Delicious apple orchard near Parker, Yakima 
County, Washington. Traps were placed at a height of 2 m and 30 m apart Data 
were transformed (square root [x + Vi ]) and subjected to ANOVA, and treatment 
means were compared by F test (SAS Institute 1985) to determine if captures of 
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Table 1. Collections of noctuid larvae in 1996 from commercial tree fruit orchards. Larvae reared 
to adult stage in laboratory for identification. 


Date Locale Number Host 


VI-1-1996 

OR, Umatilla Co., Milton-Freewater 

2 

Apple 

VII-1996 

WA, Grant Co., Mattawa 

2 

Apple, Golden 

VII-3-1996 

OR, Umatilla Co., Milton-Freewater 

1 

Apple 

Vfi-11-1996 

WA, Mattawa 

1 

Apple, Fuji 

VII-24-1996 

WA, Yakima Co., Parker 

4 

Pear, Bartlett 

VII-29-1996 

WA, Yakima Co., Yakima 

1 

Apple 


VIII-1996 

OR, Umatilla Co., Milton-Freewater 

2 

Apple 


Vm-29-1996 

WA Yakima Co., Parker 

12 

Plum 


IX-6-1996 

WA, Benton Co., Prosser 

6 

Apple 


IX-12-1996 

WA, Benton Co., Prosser 

14 

Apple 


IX-12-1996 

WA, Yakima Co., Parker 

3 

Apple 

IX-23-1996 

WA, Yakima Co., Parker 

1 

Apple 

IX-30-1996 

OR, Umatilla Co., Milton-Freewater 

1 

Apple, Red Delicious 

X-l-1996 

WA, Yakima Co., Parker 

1 

Apple, Red Delicious 

X-7-1996 

WA, Yakima Co., Parker 

1 

Apple 

X-8-1996 

WA, Yakima Co., Parker 

1 

Apple 


L. subjuncta moths with bait types were not equal. In test B, 4 trap designs were 
compared, with all traps were baited with 200 ml of 10% molasses. Trap types 
were glass McPhail traps, Multipher traps (BioControl Services Inc.), Trappit Dome 
Trap (Agrisense, Palo Alto, CA), and open bowl traps (white plastic disposable 
cereal bowls suspended by a wire hanger). Six replicates of these 4 trap designs 
were maintained through the field season. This experiment was established in one 
orchard, but was moved to a second orchard on July 6. Both orchards were Golden 
Delicious apple plantings. Data were transformed (square root [x + Vi\) and sub¬ 
jected to ANOVA. Significant differences between treatments were determined us¬ 
ing Tukey’s Studentized Range Test (SAS Institute 1985). 

Host suitability data was obtained for L. subjuncta larvae on foliage of black 
medic (. Medicago lupina L.), dandelion ( Taraxacum officinale Weber), sow thistle 
(Sonchus oleraceus L), bindweed ( Convolvulus ar\>ensis L.), redroot pigweed 
{Amaranthus retroflexus L.), mallow (Malva neglecta Wallr), and lambsquarters 
(Chenopodium berlandieri Moq.). Five newly hatched larvae were placed into 
100 ml wax coated paper cups containing plant foliage as an assay unit. Foliage 
was added or replaced as needed until larvae were dead or neared maturity. Three 
cm of damp vermiculite was then added as a pupation medium. Pupae were 
removed, sorted by sex, and placed in 500 ml clear plastic cups until adult eclo- 
sion. This assay was conducted using five cups for each host plant species or tree 
fruit variety. Data were recorded for evidence of feeding, pupation and adult 
emergence, date of adult emergence, and sex of adults. 

Results 

Sixteen samples of noctuid larvae were collected from 6 localities in Washing¬ 
ton (the Parker area SE of Yakima, west Yakima, Moxee, Zillah, Mattawa, and 
Prosser) and near Milton-Freewater, Oregon (Table 1). Although most samples 
were taken from commercial apple orchards, one was from a commercial pear 
orchard and one from a commercial plum orchard. Fifty-three larvae were reared 
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to adult and were determined to be L. subjuncta. Two additional specimens taken 
in an apple orchard near Prosser, WA on 12 Sep 1996, were parasitized by an 
ichneumonid wasp but are considered to have been L. subjuncta based on col¬ 
oration and pattern. There were no other species of Noctuidae in these samples. 

One thousand nine hundred and ninety-eight L. subjuncta moths were captured 
in traps baited with sweet baits from May through mid September 1996 (Fig. 1). 
Two distinct peaks of moth catches were evident in both plots, from mid May 
through mid June, and again in August into early September. Very few moths 
were captured during July. The sex ratio of moths captured in traps baited with 
sweet baits was 2:3 females to males. In both plots, numbers of moths captured 
during the first flight period were higher than in the second (Fig. 1). Numbers of 
L. subjuncta males and females captured in traps baited with molasses (2.8 ± 0.5 
females, 2.6 ± 0.5 males) and traps baited with jaggery (2.4 ± 0.6 females, 1.5 
± 0.4 males) were not significantly different (F = 3.78, P > 0.05). In the com¬ 
parison of trap types, captures of L. subjuncta moths were significantly reduced 
in bowl traps (5.05 ± 1.2) compared to McPhail (11.81 ± 2.0), Multipher (8.1 
± 1.4), or Dome traps (8.9 ± 1.4) (P < 0.05, df = 204, n = 52). There were no 
significant differences among mean numbers of moths captured in McPhail, Mul¬ 
tipher, and Dome traps baited with molasses solution. 

The percentages of L. subjuncta that survived and developed on plants tested 
was low (Table 2), but successful development to the adult stage did occur on 
dandelion, sow thistle, bindweed, and mallow, indicating that these plants are 
potential hosts. Larvae fed on all species of plants tested, as evidenced by the 
presence of frass and larval growth. 

Discussion 

Lacanobia subjuncta is common and widespread in apple growing areas of 
central Washington and the contiguous areas of Oregon. Large numbers of adults 
were collected in traps with sweet baits from mid May through much of Septem¬ 
ber. One hundred and fifty-six moths were captured in one night with a light trap 
in an apple orchard. Larvae of L. subjuncta were collected at six sites in the 
Yakima River Valley, as well as near Mattawa, Washington and Milton-Freewater, 
Oregon. It is assumed that this species of moth is widely distributed in irrigated 
areas of the PNW. According to McCabe (1980) it occurs throughout much of 
North America, including Washington. 

Lacanobia subjuncta uses apple and possibly other tree fruit species as a pri¬ 
mary host, although it may also utilize other plant species in and around orchards. 
All of our records (Table 1) involve larvae collected on apple, pear, or plum trees, 
indicating likely feeding and development on those hosts. Collected larvae were 
able to finish development on apple, pear, or plum foliage and numerous larvae 
(several hundreds) were successfully reared in the laboratory from egg to adult 
on apple foliage. One larva was collected while feeding on an apple fruit, but it 
is likely that most larvae collected were feeding on foliage. 

Previous host records and rearing records indicate broad polyphagy for L. sub¬ 
juncta. This species has been reported on a wide variety of trees and shrubs 
including fruit of blueberry, cherry, and sour cherry (Phipps 1930, Prentice 1962, 
Rockbume & Lafontaine 1976, Godfrey 1972, Rings et al. 1992). Given its broad 
host range on woody plants, it is not surprising that it occurs on apple, pear, and 
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Figure 1. Seasonal pattern, as weekly trap captures, of Lacanobia subjuncta moths in Golden 
Delicious apple orchards near Parker, Yakima Co., Washington, May-September 1996. Numbers are 
calendar dates for beginnings of weeks. Data are pooled from two trapping experiments; molasses and 
jaggery solutions in McPhail traps (above) and molasses solution in bowl, Dome, McPhail, and Mul¬ 
tiplier traps (below). 
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Table 2. Development of Lacanobia subjuncta on foliage of weed species, Yakima County, Wash¬ 
ington, 1996. n = 25. 


Common name % Pupation % Adult emergence Pupal weight (mg) 

Dandelion 24 20 293.3 ±8.4 

Black Medic 16 0 

Sow Thistle 32 28 285.9 ±17.1 

Bindweed 36 28 319.1 ± 18.3 

Pigweed 0 0 

Mallow 24 20 292.2 ± 27.6 

Lambsquarters 4 0 


plum, although these plants have not been reported previously as hosts of L. 
subjuncta. Godfrey (1972) also reported several herbaceous plants (weeds and 
vegetables) as hosts. It also completed development on four common weed species 
found in local orchards; dandelion, sow thistle, mallow, and bindweed. Godfrey 
(1972) also listed dandelion as a host. 

The possible pest status of L. subjuncta , as well as that of O. hibisci , L. an- 
tennata, and A. pyramidoides , on PNW tree fruits, will require additional study. 
However, recent reports of damage to fruit in organic apple orchards attributed 
to cutworms (Warner 1996) may have been caused by L. subjuncta. Lacanobia 
subjuncta adults were abundant in the Yakima River Valley, while no adults of 
O. hibisci , L. antennata, or A. pyramidoides were collected in traps baited with 
sweet materials or in intermittent light-trapping in apple orchards. Adults of the 
univoltine O. hibisci and L. antennata may fly early in the spring (Howell 1993) 
before our trapping tests were initiated in mid-May. 

Lacanobia subjuncta appears to be bi vol tine. Two distinct peaks in the numbers 
of adults captured in traps, first in late May into early June and again in August, 
match the presence of larvae on apple trees in late June through July and again 
in September through October. Two broods were also indicated by McCabe (1980) 
for this species, based on collection dates for 1100 museum specimens examined. 

Large numbers of both sexes of this moth were captured in McPhail, Multipher, 
and Dome traps baited with solutions of molasses and McPhail traps baited with 
diluted jaggery. Molasses and the Multipher and Dome traps are generally avail¬ 
able and could be used to monitor or sample L. subjuncta adults. 
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Apartado Postal 63, Xalapa, Veracruz 91000, Mexico 

Abstract.—Phyllophaga ilhuicaminai Moron NEW SPECIES is described from western and cen¬ 
tral localities of Mexico, and Phyllophaga caanchaki Moron NEW SPECIES is described from 
southeastern Mexico and northern Guatemala. Both species have wide geographical distributions, 
and are not included in any species group of the genus. Drawings of sclerotized male and female 
genital structures are included. 

Key Words. —Insecta, May beetles, Phyllophaga , Taxonomy, Mexico, Guatemala. 

Resumen. —Se describe Phyllophaga ilhuicaminai Moron, NUEVA ESPECIE con base en 70 
ejemplares recolectados en bosques tropicales caducifolios, encinares, matorrales espinosos y 
terrenos agricolas de los estados de Michoacan, Jalisco, Mexico, Guerrero, Morelos y Puebla, 
Mexico. Tambien se describe Phyllophaga caanchaki Moron, NUEVA ESPECIE con 36 ejem¬ 
plares obtenidos en bosques tropicales caducifolios y perennifolios, y terrenos agricolas de los 
estados de Chiapas, Quintana Roo y Campeche, Mexico, asf como en la provincia de Peten, 
Guatemala. Debido a la peculiar combinacion de caracteres morfologicos, no es posible incluir 
a ninguna de estas dos especies en alguno de los grupos de especies del genero hasta ahora 
definidos. Se incluyen dibujos de las estructuras genitales masculinas y femeninas de las dos 
especies y se comentan sus relaciones con otras especies mesoamericanas. 

The structure of tarsal claws has been used as one of the primary characters in 
the taxonomy of Rhizotrogina and Phyllophaga species. Bates (1887-1889), Say¬ 
lor (1942), Sanderson (1958), Moron (1986) and other authors, proposed groups 
of species, subgenera and genera mainly based on the shape, proportions and 
symmetry of claws. Nearly 500 American species of Phyllophaga (sensu lato ) 
show toothed, bifid or notched tarsal claws, but less than 20 possess, finely serrate 
or micro-dentate claws. These species are not easy to place in subgenera or species 
groups and are usually considered as ** incerta sedis ”. 

During collecting trips to many localities in western, central and southeastern 
Mexico, and while examining museum collections from Mexico, the U.S.A. and 
Canada, I found nearly one hundred specimens of two species of Phyllophaga 
with different, “simple” tarsal claw structure, not related to any of the species 
group defined by Moron (1986). This paper describes males, females, and their 
variation and gives the distribution of two new species. The characters and terms 
used in the descriptions are those of Moron (1986). Drawings were made with 
the aid of a camera lucida and Carl Zeiss stereomicroscope; measurements were 
obtained with ocular micrometer or caliper. 

Depository Abbreviations. —California Academy of Sciences, San Francisco 
(CASC); the Natural History Museum, London (BMNH); Canadian National Col¬ 
lection, Ottawa (CNC); Instituto de Biologfa, UN AM, Mexico City (IBUNAM); 
Instituto de Ecologfa, Xalapa, Veracruz (IEXA); University of Nebraska State 
Museum, Lincoln, Nebraska (UNSM); Field Museum Natural History, Chicago 
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(FMNH); Universidad del Valle de Guatemala, Guatemala City, (UVG); Instituto 
Nacional de Investigaciones Forestales, Agricolas y Pecuarias, SAGAR, Celaya, 
Guanajuato (INIFAP); Benemerita Universidad Autonoma de Puebla (DICA); A. 
& H. Howden, Ottawa (AHHC); G. Nogueira, Guadalajara, Jalisco, Mexico 
(GNPC); S. Pokomy, Praha, Czech Rep. (SPPC); J. P. Beraud, Cuernavaca, Mo¬ 
relos, Mexico (JBPC); C. Deloya (ACDC) and M. A. Moron, Xalapa, Veracruz 
(MXAL) Mexico. 

Phyllophaga ilhuicaminai Moron, NEW SPECIES 

(Figs. 1-7) 

Types. —(described from 46 males and 24 females). Holotype, male; MEXICO. 
MICHOACAN : Jungapeo, 29 Jun 1967, G. Halffter; deposited: Canadian National 
Collection, Ottawa. Allotype, female; MEXICO. GUERRERO : Chilpancingo, Palo 
Blanco, 20 Jun 1987, bosque pino-encino, 1140 m, Moron, Deloya, Delgado; 
deposited: M. A. Moron collection, Xalapa. Paratypes: same data as holotype (14 
males, 3 females); same data as allotype (5 males, 3 females); same data as 
allotype except: Apr—May, 1987 (3 males, 1 female). GUERRERO : Acahuizotla, 
11 Jul 1986, bosq. trop. Mediano subperennifolio, luz 2000—2300 hrs, 650 m, L. 
Delgado (1 female); same data except: 4 Aug 1986, 2000-2200 hrs (1 female); 
19 Jun 1987 (1 female); 18 Jun 1985, 750 m (3 males, 1 female); 4 Sep 1985 (1 
female); 6 Jun 1986, 2100-2200 hrs, Ruiz and Martinez (1 male). JALISCO. 
Chamela, 2 Aug 1985, luz, R. Ayala (2 males); Est. Biol. Chamela, 23 Aug 1985, 
luz, R. A. Usela (1 male); Casimiro Castillo, 17 Jun 1994, 390 m, G. Nogueira 
(1 male). MICHOACAN: Coalcoman, Los Laureles, 7 Aug 1983, T. W. Taylor (2 
males). MEXICO: Santo Tomas de los Platanos, Jun 1993, S. Pokomy (8 males, 
11 females). MORELOS: Tepoztlan, 21 May 1990, J. P. Beraud (1 male). PUEB¬ 
LA: Atlixco, La Joya, 14 Mar 1996, suelo cultivo estatis, 1770 m, A. Aragon (1 
male); same data except: 4 Jun 1996, luz 2030-2100 hrs, A. M. Tapia, A. Aragon, 
R. Rojas (2 males); Tzicatlacoyan, 17 May 1996, 2000 m, rafces de encino, A. 
Aragon (2 males); same data except: 15 Jul 1996, luz 2000-2100 hrs, S. Caselin, 
A. Aragon (2 males). Paratypes are deposited at CASC, BMNH, CNC, UNSM, 
IBUNAM, IEXA, DICA and in the private collections AHHC, GNPC, SPPC, 
JBPC, ACDC and MXAL. 

Holotype. —Male. Head and pronotum shining testaceous, elytra similarly colored but slightly 
opaque; mouth parts, sterna, pygidium and legs shining testaceus. Clypeus semicircular, wider than 
long (2.5:1), anterior border curved with margins slightly elevated, surface nearly flattened, rugo- 
punctate with some scattered microscopic setae. Fronto-clypeal suture slightly sinuated, deeply im¬ 
pressed at sides, obsolete at midline. Frons wider than long (1.3:1) convex, coarsely rugoso-punctate, 
with erect, slender setae. Antenna 9 segmented, with 3 segmented club; lamellae 1.5 X longer than 
the length of the basal segments combined, segment 5 longer than 4, with a short, rounded tubercle; 
segment 6 very short. Frons 2.5 X wider than each eye dorsal diameter. Canthus short and narrowed, 
with 13-14 setae. Labrum bilobed, widely sinuated, with scattered slender setae. Mentum slightly 
concave, rugo-punctate, with lateral setae slender, anterior border widely sinuated. Pronotum wider 
than long (1.5:1) and 2.8 X wider than frons. Pronotal disk with round punctures separated by more 
than width of one or two punctures near the midline, becoming confluent on sides; lateral borders 
widely angulated, marginal bead crenulate, with long slender setae; anterior angles obtuse, not prom¬ 
inent; posterior angles widely obtuse, rounded. Scutellum 1.3 X wider than long, with 18-20 small 
punctures. Elytron 2.8 X longer than wide, densely punctate, glabrous; epipleural border narrow, 
extended along the complete margin, provided with dense fringe of short slender setae; humeral calla 
rounded, prominent; apical calla rounded. Metathoracic wings completely developed. Propygidium 
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Figures 1-7. Phyllophaga ilhuicaminai NEW SPECIES. Figure 1. Male protarsal claw. Figure 2. 
Lateral view of paramera and partially exposed aedeagus of holotype. Figure 3. Distal view of the 
paramera and aedeagus of the holotype. Figure 4. Detail of the distal angle of the paramerus of paratype 
from Atlixco, Puebla, showing the preapical flattened tooth. Figure 5. Lateral view of complete genital 
capsule of the same paratype. Figure 6. Female protarsal claw. Figure 7. Female ventral genital plates 
of allotype. Scale lines = 1 mm. 
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shining, fine and dense punctate-setose. Pygidium convex, shining, with dense, round, shallow regu¬ 
larly distributed setiferous punctures; apical margin with 15 long, slender setae; basal margin effaced 
at the middle. Pterostemon with long, dense, yellow vestiture. Visible abdominal stemites 3 and 4 
slightly flattened and polished near the midline; stemite 5 with sparce punctures and slender setae at 
the middle; anal plate slightly prominent, convex, rugo-punctate, with 70-80 slender, short and long 
mixed setae. Protibiae shorter than protarsi (1:1.7), with external border tridentate, preapical spur long, 
straight, acute, shorter than protarsomerus 2. Mesotibiae with one oblique, strong, setiferous, transverse 
carina; upper apical spur straight, narrow, 1.3 X longer than the lower spur. Metatibiae shorter than 
metatarsi (1:1.4), with one oblique, strong setiferous transverse carina; apical spurs articulated with 
the border, upper spur curved, shorter than metatarsomerus 2, and 1.4 X longer than the lower spur. 
Tarsomeres semicylindrical, elongated, with enlarged apex, some setae around the apex and two lines 
of setae ventrally. Tarsal claws symmetrical, similar on all legs, tooth very short, postmedian, acute 
and followed by serrate basal edge (Fig. 1). Genital capsule with shortened paramera, fused in a ring 
shaped structure, apex slightly sinuated, bearing a large ventral bidentate projection which is angulated 
posteriorly (Figs. 2—3). Paramera with flattened teeth near apex of distal side (Fig. 3). Aedeagus long, 
with semitubular, sclerotized support surrounded by patches of spinules, and one dorsal sclerotized 
rod with apical setae (Figs. 2, 5). Tectum uniformly convex. Length of genital capsule from the apex 
of parameres to the border of basal piece: 4.5 mm. Total body length: 17 mm. Humeral width: 6.5 
mm. 

Allotype. —Female. Similar to the male except as follows: clypeus slightly trapezoidal; clypeus and 
frons more rugo-punctate; antennal club 0.6 the length of the basal segments combined; pygidium 
semitriangular, more convex toward the apex. Visible abdominal stemites 3 to 5 convex, with scattered 
setiferous punctures; anal plate convex, punctate, with 65-70 slender, short and long setae. Apical 
spurs of metatibiae curvate. Tarsal claws dentate, with large, median, acute tooth followed by serrate 
basal edge (Fig. 6). Ventral genital plates slightly sclerotized, symmetrical, nearly ovate, with setae 
on the distal curvate projection (Fig. 7). Total body length: 16.2 mm. Humeral width: 6.1 mm. 

Type Locality'. —Jungapeo de Juarez, near Zitacuaro, state of Michoacan, Mex¬ 
ico (aprox. I9°28' N; 100°30' W). 

Variation. —Paratype males are similar to the holotype except as follows: some 
specimens have the antennal club slightly shortened; frontoclypeal carina granu- 
lose or rugose; anterior half of the pronotal lateral borders slightly sinuated; py¬ 
gidium with fewer setae; tarsal claws with tooth effaced; flattened teeth on the 
distal side of paramera more elongate and more acute and smaller (Fig. 4); ventral 
bidentate process of the paramera shortened (Fig. 5); sclerotized dorsal rod of the 
aedeagus with ventral preapical tubercle (Fig. 5); total body length: 12.0-16.8 
mm, humeral width: 4.0-6.5 mm. Paratype females are similar to the allotype 
except as follows: pronotum and pygidium more densely punctate; total body 
length: 13.5-16.5 mm; humeral width: 5.5—6.5 mm. 

Biological Data. —Specimens of P. ilhuicaminai were collected at lights in 
tropical deciduous and subdeciduous forests and oak forests located from 150 and 
2000 m of altitude, at night between 2000-2300 h. In March an adult was col¬ 
lected from its pupal cell 30 cm deep in soil underneath flower crops of Limonium 
sinuatum (Asteraceae); during May adults were collected from organic soil under 
the oak trees on which they feed at night. This species is found primarily on the 
warmest slopes of Transverse Neovolcanic Axis (Fig. 8). Phenology: May (6), 
June (55), July (2), August (6), September (1). Other species of Phyllophaga 
flying at the same time were P. (Phytalus) obsoleta (Blanchard), Phyllophaga 
(s.str.) ravida (Blanchard) and Phyllophaga (s.str.) vetula (Horn). 

Remarks.—Phyllophaga ilhuicaminai is not closely related to any other Mex¬ 
ican species. Specimens from localities in the state of Puebla (eastern population) 
have paramera with a shortened ventral bidentate process; specimens from Guer- 
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Figure 8. Distribution of Phyllophaga ilhuicaminai NEW SPECIES and Phyllophaga caanchaki 
NEW SPECIES. 


rero (southern population) have the ventral bidentate process long but less an- 
gulate; typical specimens are from Jalisco, Michoacan, Mexico and Morelos (Fig. 
8). The elongate body shape, nine-segmented antenna, shape of the tarsal claws 
and male genital capsule will aid in the recognition of this species. 

Etymology. —Derived from Ilhuicamina , (“sky bowman”) second name of the 
fifth Aztec king Motehuzoma I (Simeon, 1988), who extended and consolidated 
the Aztec empire between 1440-1468 A.D. (Leon-Portilla, 1978). 

Material Examined —See Types. 

Phyllophaga caanchaki Moron, NEW SPECIES 

(Figs. 9-14) 

Types. —(described from 15 males and 21 females). Holotype, male; MEXICO. 
CHIAPAS'. Yaxchilan, 7 May 1981, 150 m, Selva Brosimum, E. Fuentes; depos¬ 
ited: M. A. Moron collection, Xalapa. Allotype, female; MEXICO. QUINTANA 
ROO: 4 km S Tres Garantfas, 25 Jun 1988, selva mediana subperennifolia, trampa 
luz 1900-2200 hrs, D. Garrido y V. A. Poot; deposited: M. A. Moron collection, 
Xalapa. Paratypes: same data as holotype except 31 May 1981 (1 male); 14 Jun 
1981 (3 males); same data as allotype (1 male, 3 females); MEXICO. QUINTANA 
ROO: Xul Ha, 3 Jun 1974, Y. Dominguez (1 male); km 146 carr. Chetumal-Puerto 
Juarez, 17 Mar 1982, A. Ibarra (1 male); Felipe Carrillo Puerto, 28 May 1984, 
10 m, luz neon 2100 hrs, J. F. Carnal (1 male, 2 females); CAMPECHE: Escar- 
cega, 23 Apr 1962, trap light, F. Islas (2 males); GUATEMALA. PETEN: carr. 
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Flores-Tikal, Jun 1993, 150 m, bosq. tropical, M. A. Moron (4 males, 9 females); 
same data except C. Deloya (1 male, 6 females). Paratypes are deposited at CASC, 
BMNH, FMNH, UVG, IB UN AM, INEFAP, IEXA, and in the collections ACDC, 
GNPC and MXAL. 

Holotype. —Male. Frons shining dark brown, pronotum and elytra testaceous, with dense vestiture 
of short, erect setae; clypeus, mouth parts, sterna, pygidium and legs shining testaceous. Clypeus wider 
than long (3.6:1), anterior border slightly sinuated with elevated margins, surface concave, with sparse, 
shallow punctures and scattered short setae. Fronto-clypeal suture sinuated, impressed at sides, obsolete 
at midline. Frons wider than long (2:1) scarcely convex, rugo-punctate, with erect slender setae 
throughout. Antennae 9 segmented, with 3 segmented club, lamellae 1.3 X longer than the length of 
the basal segments combined; segment 5 without an anterior process; segment 6 very short, ring-like. 
Frons 1.5 X wider than dorsal diameter of eye. Canthus narrowed, with 15-16 setae. Labrum bilobed, 
widely sinuated, with scattered slender setae. Mentum slightly concave, with sparse punctures and 
slender setae, anterior border widely sinuated. Pronotum wider than long (1.5:1) 2.8 X wider than 
frons. Pronotal disk setiferous, with shallow, round punctures separated by the width of one puncture 
near the midline, becoming slightly confluent on sides; lateral borders widely rounded, marginal bead 
crenulate with long slender setae; anterior and posterior angles obtuse, rounded. Scutellum 1.7 X wider 
than long with 7 shallow, small punctures. Elytron 3 X longer than wide, setiferous, densely rugo- 
punctate; epipleural border narrowly extended along the entire margin, provided with short slender 
setae; humeral calla rounded, prominent; apical calla rounded. Metathoracic wings fully developed. 
Propygidium shining, with shallow sparse punctures and scattered short setae. Pygidium convex, se¬ 
tiferous, shining, with round, shallow' irregularly distributed punctures; apical margin with 10 long, 
slender setae; basal margin effaced at the middle. Pterosternon with shortened, yellow setae. Visible 
abdominal stemites 2 to 5 slightly depressed, with scattered short setae near the midline; anal plate 
slightly prominent, nearly convex, punctate, with 40-50 long, slender setae. Protibiae slightly shorter 
than protarsi (1:1.6) with external border tridentate; preapical spur long, straight, acute, as long as 
protarsomerus 2. Mesotibiae with one oblique, strong, setiferous transverse carina, upper apical spur 
straight, narrow, and 1.2 X longer that the lower spur. Metatibiae slightly shorter than metatarsi (1: 
1.3), with one oblique, strong, setiferous transverse carina; apical spurs articulated with the border, 
upper spur lanceolate, shorter than metatarsomerus 2, and 1.2 X longer than the lower spur. Tarsomeres 
semicylindrical, elongated, with enlarged apex, some setae around the apex and 2 dense lines of setae 
ventrally. Tarsal claws symmetrical, similar on all legs, without teeth on the slightly serrate edge (Fig. 
9). Genital capsule with elongate paramera, fused at base and apex, the apex is slightly acute and 
without a ventral process (Figs. 10-12). Aedeagus long, with sclerotized support rod and dorsal needle- 
like process (Fig. 12). Tectum uniformly convex. Length of genital capsule from the apex of paramera 
to the border of basal piece: 4 mm. Total body length: 12 mm. Humeral width: 4.5 mm. 

Allotype. —Female. Similar to the male except as follows: antennal club as long as the basal seg¬ 
ments combined; pygidium nearly flattened, with the apex slightly narrowed; visible abdominal ster- 
nites 3 to 5 convex, with scattered setiferous punctures. Protibiae as long as the protarsi; apical spurs 
of metatibiae with rounded apex; tarsal claws dentate, acute, large, antero-median tooth with the edge 
feebly serrate (Fig. 13). Ventral genital plates poorly sclerotized, symmetrical, nearly ovate, with setae 
on the distal curved process (Fig. 14). Total body length: 12 mm. Humeral width: 5 mm. 

Type Locality. —Yaxchilan, Ocosingo, state of Chiapas, Mexico (aprox. 17°10' 
N; 91°18' W). 

Variation .—Para type males are similar to the holotype except as follows; some 
specimens have antennal segments 3 and 4 nearly fused; the dorsal and pygidial 
vestiture is more or less dense; total body length: 11.0-12.5 mm; humeral width: 
4—5 mm. Female paratypes are similar to the allotype except as follows: the 
pronotum is more densely punctate and the teeth on the external border of the 
protibiae are more rounded; total body length: 11.0-12.5 mm; humeral width: 
4.5—5.0 mm. 

Biological Data .—Specimens of P. caanchaki were collected at lights in the 
tropical subdeciduous forests and tropical rain forests located between 10 and 150 
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Figures 9-14. Phyllophaga caanchaki NEW SPECIES. Figure 9. Male protarsal claw. Figure 10. 
Ventral-apical view of paramera of holotype. Figure 11. Distal view of same paramera. Figure 12. 
Lateral view of complete genital capsule of holotype. Figure 13. Female protarsal claw. Figure 14. 
Female ventral genital plates of allotype. Scale lines = 1 mm. 


m of altitude, at night from 1900-2200 h. This species is known from tropical 
lowlands of the Peten, Guatemala and the southern Yucatan Peninsula (Fig. 8). 
Phenology: March (1), April (2), May (5), June (29). Other species of Phyllo¬ 
phaga flying at the same time were P. (Chlaenobia) vexata (Horn) and P. (s.str.) 
menetriesi (Blanchard). 

Remarks.—Phyllophaga caanchaki is not closely related to any other Mexican, 
Central American or Antillean species. The small size, elongate body shape, nine 
segmented antennae, concave clypeus, dorsal vestiture, shape of tarsal claws and 
male genital capsule will aid in the recognition of this species. Males of P. pan- 
orpa Sanderson from Florida, U.S.A. also possess tarsal claws without teeth and 
dorsal vestiture composed of short dense setae (Woodruff & Beck 1989), but the 
number of antennal segments, body size and genital structure are different 

Etymology. —Derived from the second part of the name Ah cacao-caan chak , 
celebrated Mayan king who was bom in Campeche and promoted important de- 





46 


THE PAN-PACIFIC ENTOMOLOGIST 


Vol. 74(1) 


velopment of the city of Tikal around 700 A.D. (data from exhibitions in Ar¬ 
chaeological Museum at Tikal, Guatemala). 

Material Examined .—See Type. 
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COLLEMBOLA FROM THE CANOPY OF A MEXICAN 
TROPICAL DECIDUOUS FOREST 1 
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Jose A. Gomez-Anaya 
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Abstract .—Sampling of the Arthropoda in a tropical deciduous forest was carried out at Chamela, 
Mexico. The Collembola community was emphasized because it was the most abundant arthro¬ 
pod group in the samples. Salina banksi (Paronellidae) was the most abundant and constant 
Collembola species. Seasonal variation of the abundance was positively correlated with precipi¬ 
tation and temperature. Canopy and shrub layer from Chamela shared only 12 Collembola species 
with the leaf Utter and soil from the same study area. From reports in the literature, it was 
determined than Chamelan Collembola are more abundant than elsewhere. 

Key Words. —Insecta, Collembola, Chamela, Canopy. 


Collembola are usually associated with edaphic environments, where they con¬ 
stitute an important group because of their abundance and their role in nutrient 
cycling in the soil. Collembola can be abundant in other environments such as in 
the soil and litter accumulated in epiphytic plants as demonstrated by Palacios- 
Vargas (1981) e.g., so called suspended soils of Delamare-Debouteville (1948). 
The role of Collembola in the canopy can be as important as that in the soil, 
especially in environments where there is an accumulation of organic matter in 
the canopy, as occurs in the tropical deciduous forest of Chamela. 

Current studies of South American epiphytic environments provided descrip¬ 
tions of new collembolan taxa (Bretfeld 1994), and studies using insecticidal 
fogging have shown that Collembola are one of the dominant groups in the canopy 
(Guilbert et al. 1995). 

Materials and Methods 

The study was carried out in the Tropical deciduous forest at the Chamela 
Biological Station in the state of Jalisco, Mexico (19°30' N, 105°03' W). Bullock 
(1988) showed that rainy season is from July to October and dry season from 
September to June. The vegetation was described in detail by Lott (1985). 

For sampling, three watersheds, designated 1, 4 and 4A by Cervantes et al. 
(1988), were selected because their primary production is similar (Saharukan & 
Maass 1990). The tree layer sampled was 25 m tall. 

Seven fumigations were carried out to include both rainy (August and Septem¬ 
ber 1992, July 1993) and dry seasons (May and November 1993, and February 
and May 1994). We used a fogging machine (Dyna fog) and a natural pyrethum 
as the insecticide (Resmethrin 3% in kerosene solution) applied before sun rise 
(0400 to 0600 h), following the method of Erwin (1983). For every fumigation, 
a 100 m 2 area was delimited and 50 funnels (0.5 m of diameter) were hung 
randomly in the shrub layer about 50 cm above the floor forest. Specimens that 

1 Project DGAPA IN2078/91, UNAM. 

2 Project PADEP, UNAM 003004. 
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fell on the funnels were collected by washing with alcohol (80%) some 5 h latter. 
In 5 fumigations, the fauna of ten funnels were quantified separately to estimate 
group distribution on the sampling surface. 

Sampling of the shrub layer was done every two weeks from August 1991 to 
July 1993 using five malaise traps per watershed. In the first year, sampling was 
done in watersheds 1 and 4 and during the second year it was done in watersheds 
1 and 4A. 

The specimens were sorted and counted into orders, except the Collembola 
which were mounted and identified to species. Differences in the abundance of 
Collembola among watersheds and months were tested with ANOVA. The dis¬ 
tribution of the Collembola on the sample surface was analyzed by standard de¬ 
viation among some funnels samples in the same region and time. Simple re¬ 
gression analysis (Zar 1984) was performed between abiotic (temperature and 
precipitation) and biotic parameters, such as number of Collembola and abundance 
of other arthropods at all sites. 

Rainy and dry seasons were compared in terms of species richness and com¬ 
position, Hill Diversity Indices, Shannon-Weaver Diversity Index and Pielou’s 
Evenness Index (Ludwig & Reynolds 1988) for the canopy and shrub layer. 

Results 

A total of 25 species of Collembola were found in both habitats (Appendix I). 
Twenty-five groups of Arthropoda were represented in the canopy samples (Table 
1). A total of 1,098,248 specimens were collected with a mean density of 15,986 
specimens/m 2 ; 95% of which were Collembola (1,044,032) with nineteen species 
found (Table 2). Salina banksi MacGillivray (Paronellidae) was the most abundant 
species of Collembola, reaching 89.59% of the total Collembola. A remarkable 
seasonal behavior was noted. This species was most abundant in the rainy season 
(July to October) when it represented 89.9% of all Collembola trapped but in the 
dry season this declined to 65% of all Collembola. Seira spp. and Deuterosmin - 
thurus maassins Palacios-Vargas & Gonzalez were the next most abundant species 
of Collembola collected during both the rainy season (8.4% of the total abun¬ 
dance) and the dry season (19% of the total abundance). Mean density of Col¬ 
lembola from the canopy was estimated to be 15,197 specimens/m 2 . 

Both seasons had 19 species and similar composition, the dominant species was 
Salina banksi in rainy season according to N2 of Hill diversity, whereas the same 
species and Seira dubia were dominant in dry season (Table 3). Shannon and 
evenness indices were higher in dry season because of the decreased number of 
S. banksi (Table 3). 

The Collembola abundance showed heterogenety among foggings (Table 4) 
with distribution being more homogenous in the rainy months than in dry months. 

There was significant positive correlation between abundance of Collembola 
and monthly average of precipitation (r = 0.83, df = 5, P = 0.02). Similar results 
were obtained when this parameter was correlated with more abundant species, 
such as Salina banksi (/* = 0.83, df = 5, P = 0.02), Seira dubia (r = 0.82, df = 
5, P = 0.02), S. knowltoni (r = 0.83, df = 5, P = 0.02) and S. bipunctata (r = 
0.83, df = 5, P = 0.02). However, there was no significant correlation between 
temperature and abundance of Collembola (r = 0.31, df = 5, P = 0.49). There 
was a significant negative correlation between temperature and abundance of Co- 
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Table 1. Mean density and relative abundance of Arthropoda from canopy in Chamela. 


Taxa 

Abundance 

Percentage 

Density specimens/m 2 

Collembola 

1,044,032 

95.06 

15,196.97 

Acari 


13,691 

1.25 

199.29 

Hymenoptera 


9850 

0.90 

143.38 

Aranea 


7333 

0.67 

106.74 

Diptera 


4920 

0.45 

71.62 

Coleoptera 


3872 

0.35 

5 

►6.36 

Homoptera 


3598 

0.33 

52.37 

Psocoptera 


2314 

0.21 

3 

13.68 

Thysanoptera 


2310 

0.21 

0 

13.62 

Larvae 


2114 

0.19 

c 

10.77 

Orthoptera 


919 

0.08 

1 

3.38 

Hemiptera 


838 

0.08 

1 

.2.20 

Isopoda 


688 

0.06 

1 

[0.01 

Dyctioptera 


477 

0.04 


6.94 

Lepidoptera 


408 

0.04 


5.94 

Pseudoscorpionidae 


359 

0.03 


5.23 

Isoptera 


355 

0.03 


5.17 

Chilopoda 


69 

0.01 


1.00 

Thysanura 


35 

<0.01 


0.51 

Neuroptera 


29 

<0.01 


0.42 

Embioptera 


26 

<0.01 


0.38 

Scorpionida 


8 

<0.01 


0.12 

Mecoptera 



1 

<0.01 


0.01 

Solifuga 



1 

<0.01 


0.01 

Odonata 



1 

<0.01 


0.01 


Total 


1,098,248 


15,986.14 


Table 2. Seasonal abundance of canopy Collembola from Chamela. 


Taxa 

Rainy season 

Dry season 

Total 

Density specimens/m 

Ceratophysella gibbosa 

1009 

110 

1119 

16.29 

Xenylla humicola 

2236 

248 

2484 

36.16 

Brachystomella minimucronata 

111 

123 

900 

13.10 

Pseudachorutes subcrassoides 

319 

91 

410 

5.97 

Aethiopella sp. 

953 

106 

1059 

15.41 

neotropiella quinqueoculata 


907 

150 

1057 

15.39 

Entomobrya ca. califomica 


899 

221 

1120 

16.30 

Seira bipunctata 


22,073 

716 

22,789 

331.72 

S. dubia 


22,700 

862 

23,562 

342.97 

S. knowtoni 


32,940 

716 

33,656 

489.90 

Lepidocyrtus finus 

1830 

125 

1955 

28.48 

L. gr. lanuginosus 

3385 

235 

3620 

52.69 

Salina banksi i 

)25,388 

9933 

935,321 

13,614.57 

Sphaeridia pumilis 

798 

224 

1022 

14.88 

Sminthurinus ca. conchyliatus 

595 

215 

810 

11.79 

S. ca. latimaculosus 

1028 

204 

1232 

17.93 

S. (Polykatianna) ca. radiculus 

934 

279 

1213 

17.66 

Sphyroteca ca. mucroserrata 

1040 

114 

1154 

16.80 

Deuterosminthurus maassius 

8940 

609 

9549 

139.00 

Total 

1,028,751 

15,281 

1,044,032 

15,196.97 
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Table 3. Parameters of Collembola communities (see text for explanation). 



Canopy 


Shrub layer 


Parameter 

Rainy season 

Dry season 

Rainy season 

Dry season 

s 

19 

19 

12 

14 

N1 

2 

5 

5 

5 

N2 

1 

2 

4 

3 

H’ 

0.52 

1.56 

1.68 

1.52 

J’ 

0.18 

0.53 

0.68 

0.58 


S = Richness species; N1 = Abundant species; N2 = Very abundant species; H’ = Shanon-Weaver 
diversity index; J’ — Pielou evenness index. 


leoptera (r = —0.91, df = 5, P = 0.04), Pseudoscorpionida (r = —0.97, df = 5, 
P = 0.02) and Hymenoptera (r = —0.72, df = 5, P = 0.03). 

Malaise traps are not suitable for sampling Collembola, nevertheless, the spec¬ 
imens obtained in them allowed an estimate of the general richness and compo¬ 
sition of Collembola of the shrub layer. A total of 41,443 specimens, belonging 
to 24 arthropod groups were collected (Table 5) in malaise traps. Collembola were 
the fourth group in abundance (6.3%) after Diptera (35%), Coleoptera (13.4%) 
and Hymenoptera (13%). 

A total of 14 species of Collembola were collected in the shrub layer; the most 
abundant species were Lepidocyrtus finus Christiansen & Bellinger, Calvatomina 
rufescens Reuter and S. banksi, and four are new records for the Jalisco State, 
Sminthurus butcheri Snider, Temeritas macrocerus Denis, Isotoma ( Desoria ) hie- 
malis Schott and Calvatomina rufescens (Table 6). Twelve species were found 
during the rainy season whereas 14 were collected during the dry season; however, 
diversity and evenness were higher in the rainy season (Table 3). 

Collembola abundance in the shrub layer was significantly correlated with pre¬ 
cipitation (r = 0.43, df = 438, P = 0.03), but not with temperature (r = 0.09, 
df = 438, P = 0.27). There were significant correlations only between Collembola 
and Acari (r = 0.81, df = 459, P = 0.01), Aranea (r = 0.49, df = 459, P = 
0.02), Chilopoda (r = 0.59, df = 459, P = 0.04) and Isopoda (r = 0.49, df = 
460, P = 0.03). 

ANOVA tests showed significant differences between Collembolan abundance 
of the two watersheds (F = 6.31, df = 1,459; P < 0.001) as well as among 
months (F = 5.07, df = 11,459, P < 0.001) and the interaction between months 
and watersheds was significant (F = 3.08, df = 11,436 P < 0.0005) indicating 
spatial and temporal heterogenity of Collembolan abundance in the shrub layer. 


Table 4. Simple statistics within samples of Collembola in five fumigations by funnels. 


Fumigation 

Mean 

SD 

August 1992 

301.6 

98.46 

May 1993 

1.28 

1.31 

November 1993 

201.5 

20.14 

February 1994 

7.7 

6.03 

May 1994 

5.23 

9.15 
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Table 5. Abundance and percentage of Arthropoda collected by malaise trap in Chamela. 


Taxa Abundance Percentage 


Diptera 14,600 

Coleoptera 5566 

Hymenoptera 5401 

Collembola 2633 

Lepidoptera 3863 

Acari 3411 

Homoptera 2144 

Aranea 1162 

Psocoptera 795 

Orthoptera 518 

Larvae 393 

Hemiptera 301 

Thysanoptera 139 

Isoptera 129 

Undetermined 93 

Neuroptera 92 

Dictyoptera 85 

Thysanura 33 

Others 25 

Embioptera 20 

Opilionida 12 

Chilopoda 10 

Solifuga 5 

Isopoda 4 

Mecoptera 3 

Scorpionida 2 

Pseudoscorpionida 2 

Strepsiptera 2 


35.23 

13.43 

13.03 

6.35 

9.32 

8.23 

5.17 

2.80 

1.92 

1.25 

0.95 

0.73 

0.34 

0.31 

0.22 

0.22 

0.21 

0.08 

0.06 

0.05 

0.03 

0.02 

0.01 

0.01 

0.01 

< 0.01 

< 0.01 

< 0.01 


Total 


41,443 


100.00 


Table 6. Seasonal abundance of malaise trap Collembola from Chamela. 


Taxa 


Rainy 

season Dry season Total 


Ceratophysella sp. 
Rapoportella sigwalti 
Seira bi punctata 
S. dubia 
S. knowltoni 
Lepidocyrtus finus 
L. gr. lanuginosus 
Salina banksi 

Isotoma (Desoria) hiemalis 
Sminthurus ca. butcheri 
Sminthurus sp. 

Calvatomina mfescens 
Temeritas macroceros 
Deuterosminthurus maassius 

Total 


3 

4 
0 
1 

20 

416 

24 
157 

0 

85 

63 

167 

25 
3 

968 


2 

4 

3 

6 

239 

886 

71 

68 

2 

115 

10 

221 

22 

16 

1665 


5 

8 

3 

7 

259 

1302 

95 

225 

2 

200 

73 

388 

47 

19 

2633 
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Discussion and Conclusions 

We found more Collembola species in canopy fogging than in malaise traps 
(19 and 14 species respectively). Guilbert et al. (1995) reported 32 Collembola 
species by fogging in New Caledonia. This result is higher than our observations 
in Chamela. 

Palacios-Vargas (1981) reported 22 genera (31 species) of Collembola living 
in Tillandsia (Bromeliaceae) on the basaltic flows of Chichinautzin (Morelos, 
Mexico). Of these genera, 11 are also present in Chamela canopy and, it is pos¬ 
sible they are also living in Tillandsia which are abundant at the Station (Lott et 
al. 1987). 

The greatest abundance of Collembola reported by Guilbert et al. (1995) 
reached 18.4% of total arthropods, but in Chamela it was 98% and with one 
species, S. banksi accounting for 89.6% of all Collembola. This means that one 
species of Collembola is dominant in the Arthropoda of the canopy. Density of 
Collembola in the canopy was estimated to be 30,438 specimens/m 2 and this figure 
is higher than that of: Guilbert et al. (1995) for a primary forest in New Caledonia 
(107 specimens/m 2 ); Watanabe & Ruaysoongnem (1989) for a dry evergreen for¬ 
est in Northeastern Thailand (195 specimens/m 2 ), and Hijii (1986) for a Crypto- 
meria japonica (Linnaeus f.) D. Don forest in Japan (3754 specimens/m 2 ). Dif¬ 
ferences in densities might be explained by differences in height and composition 
plant cover, the amount of suspended soil acumulated in Tillandsia (and on 
trunks), or amount of dead plant matter in the canopy, which is 75% of the plant 
matter (J. M. Maass, personal communication). 

Number of Collembola species in true soil and leaf litter from Chamela are 49 
and 33 respectively (Palacios-Vargas & Gomez-Anaya 1993). There is greater 
similiarity between leaf litter and shrub layer then between shrub layer and canopy 
layer. Salina banksi is most abundant in the canopy and decreases significantly 
in the shrub layer and is rare in leaf litter and soil (two specimens in a year of 
montly sampling). Three species occur solely in shrub layer, Isotoma (Desoria) 
hiemalis, Calvatomina rufescens and Sminthurus butcheri. 

According to Guilbert et al. (1995) most Collembolans from shrub layer and 
canopy are epiedaphic forms such as Entomobryomorpha and Symphypleona. We 
found that 85% and 68% of the shrub layer and canopy species belong to these 
groups. The other species may occur in the Tillandsia and bark. 

Precipitation affects the abundance of Collembola in a determinant way both 
in the soil (Gomez-Anaya 1998) and in canopy. Seasonal variation of the Collem¬ 
bola from the canopy and the shrub layer are associated with humidity, but not 
temperature. There is a greater correlation with humidity in the canopy due to 
insolation and the exposure possibly resulting in dehydratation. 

Humidity is correlated with the availability of food for the Collembola in each 
layer. The most abundant genera from canopy are mainly detritophagous, myce- 
tophagous and polyphagous, but in the shrub layer the most common groups are 
saprophagous, mycetophagous and detriphagous (MacNamara 1924, De Bernardi 
& Parisi 1968, Ellis 1978). High accumulation of organic matter exists in the 
canopy of Chamela and this is correlated with the different feeding habits of 
Collembola been found there. 

The abundance of juveniles of Hypogastruridae, Entomobryidae and Symphy- 
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pleona founded in shrub layer suggest the possibility of vertical migrations be¬ 
tween this layer and canopy. 

Few species of Collembola live only in the canopy, Neotropiella quinqueocu- 
lata Denis and the three species of Sminthurinus, the remaninder can be found in 
shrub layer, soil or leaf litter. Isotoma ( Desoria) hiemalis, Sminthurus ca. butcheri, 
Sminthurus sp., Temeritas macrocerus and Calvatomina rufescens, however, are 
found only in shrub layer. 

Our results show that the fauna living in the canopy, particularly the Collem¬ 
bola, should have an important role in the cycling nutrients and energy in the 
deciduous forest. 
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Appendix I. Systematic list of Collembola from canopy and shrub layer. 


HYPOGASTRURIDAE 
Ceratophysella gibbosa (Bagnall) 

Xenylla humicola (Fabricius) 

BRACHYSTOMELLIDAE 

Brachystomella minimucronata Palacios-Vargas & Najt 
B. sigwaUi Palacios-Vargas & Najt 
ANURIDIDAE 

Neotropiella quinqueoculata (Denis) 

Pseudachorutes ca. subcrassouies Mills 
NEANURIDAE 
Aethiopella sp. 

ISOTOMIDAE 

Isotoma (Desoria) hiemalis Schott 
ENTOMOBRYIDAE 

Entornobrya (Drepanura) ccdifornica Schott 
Lepidocyrtus firms Christiansen & Bellinger 
L. gr. lanuginosus (Gmelin) 

Seira bipunctata (Packard) 

S. dubia Christiansen & Bellinger 
S. knoxvltoni (Wray) 

PARONELLIDAE ’ 

Satina banksi MacGillivray 
SMINTHURIDIDAE 
Sphaeridia pumilis (Krausbauer) 

KATIANNIDAE 

Sminthurinns (Polykatianna) ca. radiculus Maynard 
S. ca. conchyliatus Snider 
S. ca. latimaculosus Maynard 
SMINTHURIDAE 

Sphyrotheca ca. mncroserrata Snider 
Sminthurus ca. butcheri Snider 
Sminthurus sp. 

Temeriias macroceros Denis 
Calvatomina rufescens (Reuter) 

B OURLETIELLID AE 

Deuterosminthurus maassius Palacios-Vargas & Gonzalez 






PAN-PACIFIC ENTOMOLOGIST 
74(1): 55-57, (1998) 


Scientific Note 

DISCOVERY OF THE GALL MITE ACERIA GENISTAE 
(N ALEP A) (AC ARINA: ERIOPHYIDAE) ON GORSE AND 
FRENCH BROOM IN THE UNITED STATES 

Gorse (Ulex europaeus L.) and French broom ( Genista monspessulana [L.] L. 
Johnson) are noxious and invasive leguminous shrubs native to western and Med¬ 
iterranean Europe respectively (Hickman, J. C. [ed.] 1993. The Jepson manual: 
higher plants of California. Univ. California Press, Berkeley, California). Having 
escaped from cultivation, they are weeds of disturbed sites in the coastal Pacific 
Northwest region from the San Francisco Bay Area to Washington and British 
Columbia, and in higher elevation sites in Maui, Hawaii and Kauai (Haselwood, 
E. L., G. G. Motter & R. T. Hirano (eds.). 1983. Handbook of Hawaiian weeds 
[2nd ed.]. Univ. Hawaii Press, Honolulu, Hawaii; Markin, G. P., E. R. Yoshioka 
& R. E. Brown. 1995. Chap. 78. In Biological control in the western United 
States. Univ. California DANR Publ. 3361, Oakland, California). Although bio¬ 
logical control programs have purposely reunited gorse with two European natural 
enemies ( Apion ulicis [Forster] [Coleoptera: Apionidae] and Tetranychus lintear- 
ius Dufour [Acarina: Tetranychidae]) in the continental United States (Rees, N. 
E., P. C. Quimby, Jr., G. L. Piper, E. M. Coombs, C. E. Turner, N. R. Spencer & 
L. V. Knutson. 1996. Biological control of weeds in the west. Western Society of 
Weed Science, Bozeman, Montana), we report here the detection of an acciden¬ 
tally introduced European gall mite, Aceria genistae (Nalepa) (Acarina: Eriophy- 
idae), on both gorse and French broom in the San Francisco Bay Area. 

In late October 1994 we transplanted gorse seedlings from a vacant lot in Daly 
City to our greenhouse in Albany, California. By mid-Jan 1995 several plants 
exhibited abnormal growth: continued production of juvenile leaves and stunted 
shoot tips with reduced, thickened scale leaves or even clublike apices. Exami¬ 
nation of the shoot tips revealed colonies of eriophyoid mites living among the 
appressed leaves. These mites were subsequently determined by James W. Am- 
rine, Jr. of West Virginia University as Aceria genistae (Nalepa), originally de¬ 
scribed from scotch broom ( Sarothamnus scoparius Koch. [= Cytisus scoparius 
(L.) Link]) in Lorraine, France. We collected shoots of gorse and French broom 
from the Daly City field site on 18 Apr 1996 and 14 May 1996. Presence of the 
same mite species on seedlings of both legumes confirmed that the mites living 
on our gorse in Albany had originated from Daly City. It is unknown how or 
when the mites arrived in California. This is the first field record of A. genistae 
in the United States. 

In Europe, Aceria genistae has been recorded from two species of Cytisus 
(including C. scoparius [scotch broom]), four species of Genista (but not G. 
monspessulana ) and two species of Ulex (including U. europaeus ) (Baker, E. W., 
T. Kono, J. W. Amrine, Jr., M. Delfinado-Baker & T. A. Stasny. 1996. Eriophyoid 
mites of the United States. Indira Publishing House, West Bloomfield, Michigan). 
Its native range includes Great Britain, Spain, Italy and Central Europe, and it 
has been reported on U. europaeus in New Zealand where gorse is also a natu- 
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ralized weed (Manson, D. C. M. 1989. New Zealand J. Zool., 16: 37-49). Females 
are 165-225 ju.m long and apparently do not have a deuterogyne stage (Castagnoli, 
M. 1978. Redia, 61: 539-550). Recent descriptions and figures may be found in 
Castagnoli (1978) and Baker et al. (1996). Castagnoli (1978) reports that in Italy, 
A. genistae produces several generations throughout spring and summer on scotch 
broom, and causes glomerule-like galls on stem bud tissue. 

We observed that the mite prefers young, soft, pubescent foliage on gorse and 
French broom. We now see mites on the new growth of mature gorse plants in 
the shadehouse into which we moved our original gorse transplants. The colonies 
have persisted without killing or further deforming the plants. However, the nat¬ 
urally occurring mite predators present in the shadehouse may be preventing the 
eriophyoids from causing appreciable damage. Perhaps feeding by the mites under 
protected, warm and humid greenhouse conditions produced the unusual mor¬ 
phology that we initially saw. 

The mite’s damage to gorse and French broom in Daly City appears to be 
negligible and is often inconspicuous. Based on our observations in the San Fran¬ 
cisco Bay Area, we do not anticipate that A. genistae will play a substantial role 
in the biological control of either gorse or French broom. Rather, the eriophyoid 
joins a suite of unintentionally introduced European broom and gorse feeders 
(Waloff, N. 1966. J. Appl. Ecol. 3: 293-311; Andres, L. & E. Coombs. 1995. 
Chap. 79. In Biological control in the western United States. Univ. California 
DANR Publ. 3361, Oakland, California; Markin et al. 1995). To date, these ar¬ 
thropods have not curbed scotch broom, French broom or gorse populations in 
the Pacific Northwest. However, a European mite collected from scotch broom 
and identified as A. genistae is currently under consideration as a potential bio¬ 
logical control agent of scotch broom in New Zealand and Australia (G. P. Markin, 
personal communication). Preliminary host range tests in Europe indicate that this 
mite may cause galling only on C. scoparius, but further testing is needed to 
determine if gorse or French broom are not suitable hosts also (Q. Paynter, per¬ 
sonal communication). Interestingly, the A. genistae reported on gorse in New 
Zealand has not been found on scotch broom there and did not transfer success¬ 
fully from gorse to scotch broom in a laboratory experiment (P. Syrett, personal 
communication). Scotch broom is not present at our Daly City field site, so we 
cannot comment on the suitability of scotch broom as a host for the A. genistae 
we found in California. These incongruent host associations suggest that further 
taxonomic work is needed to determine if A. genistae is actually a complex of 
sibling species. Castagnoli (1978) has already reaffirmed the validity of A. spartii 
(G. Canestrini) as a separate species rather than a synonym of A. genistae, based 
on morphological differences and A. spartii' s specificity to Spartium junceum L. 
We intend to survey scotch broom and other gorse and French broom populations 
in California for eriophyoids. Additional collection records should help solve this 
taxonomic puzzle. 

Records. —CALIFORNIA. ALAMEDA Co.: Albany, 1 Feb 1995, K. L. Chan, 
Ulex europaeus, shoot tips. SAN MATEO Co.: Daly City, 14 May 1996, K. L. 
Chan, Genista monspessulana, shoot tips. 

Acknowledgment. —We thank the following for reviewing an earlier draft of the 
manuscript and for their specific contributions to it: J. W. Amrine, Jr. (West Vir¬ 
ginia University, Morgantown) determined our specimens and provided additional 
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information on the mite, R. Somerby (California Department of Food & Agri¬ 
culture, Sacramento) examined our initial specimens, G. P. Markin (United States 
Department of Agriculture, Forest Service, Bozeman, Montana), Q. Paynter (In¬ 
ternational Institute of Biological Control, Montpellier, France) and P. Syrett (Ma- 
naaki Whenua—Landcare Research, Lincoln, New Zealand) contributed infor¬ 
mation on the mite’s status as a potential biological control agent, J. Xerogeanes 
(Mendocino College, Ukiah) informed us of the Daly City gorse site, and J. Herr 
and R. Takumi provided technical assistance. KLC dedicates this paper to the 
memory of her co-author whose untimely passing in April 1997 cut short a ded¬ 
icated career of insightful contributions to the biological control of weeds. 

Kathleen L. Chan & Charles E. Turner, United States Department of Agricul¬ 
ture, Agricultural Research Service, Western Regional Research Center, Albany, 
California 94710. 
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Scientific Note 

NEOHERMES CALIFORNICUS (WALKER) 
(MEGALOPTERA: CORYDALIDAE) IN IDAHO: A NEW 

STATE RECORD 

The genus Neohermes is represented in North America by five species. Three 
are eastern and two, N. californicus (Walker) and N. filicornis (Banks), occur in 
the west (Flint, O. S. 1965. Psyche, 72: 255-263). Neohermes filicornis has been 
collected in California, Arizona and New Mexico; N. californicus has been col¬ 
lected in California, Oregon, and Nevada. 

Recently we have collected in the north-central, montane area of Idaho on 
private land in a tributary of Wall Creek on the south fork of the Clearwater River 
in Idaho County at an elevation of 731 m. This stream is intermittent. The area 
receives up to 1.3 m of snow annually; the snow contributes most of the runoff 
for the site (Ronald C. Miller & James M. Goodwin, pers. comm., ranchers living 
near the site). The large cobbles on sandy substratum in the riffle areas and the 
flow intermittency match up well with the description of the species’ habitat in 
California and Oregon (Evans, E. D. 1972. unpubl. dissertation, Oregon St. Univ.). 

On 14 Jun 1996, we found a 19 mm corydalid larva clinging to the underside 
of a rock at this location. Its small size made generic identification uncertain. On 
21 Jun 1996, kick-screen collecting yielded a late instar larva (48 mm) from a 
riffle area of the stream. On 13 Jul 1996 at 22:20 h an adult male (55 mm) was 
collected at an artificial white light provided by a Coleman gas lantern. We de¬ 
termined the species to be N. calif ornicus (Walker) using keys found in Flint 
(1965), and Evans, E. D. & H. H. Neunzig. (1996 pp. 298-308, In Merritt, R. 
W., & K. W. Cummins (eds.). An Introduction to the Aquatic Insects of North 
America, Kendall, Hunt Publ.) and Evans (1972). The determination was con¬ 
firmed by E. D. Evans. 

This collection represents a new state record and extends the range of this 
species approximately 519 km north and east into north-central Idaho (E. D. 
Evans, pers. comm.) from its previous limits of Linn County in northwestern 
Oregon, and Kern County, California near Kernville (Evans 1972). Specimens are 
deposited in the William F. Barr Entomological Museum at the University of 
Idaho. 

Acknowledgment. —We acknowledge Dale’s wife, Brandy L. Kellar, for the col¬ 
lection of the adult male specimen, Elwin D. Evans for confirming the identifi¬ 
cations, Ronald C. Miller and James M. Goodwin for their knowledge of the 
study area, and E. D. Evans, M. A. Brusven, Sanford D. Eigenbrode and James 
B. Johnson for reviewing this note. This note is published with the approval of 
the director of the Idaho Agricultural Experiment Station as paper no. 96746. 

Russell C. Biggam, Dept. Plant, Soil and Entomological Sciences (PSES), Uni¬ 
versity of Idaho, Moscow, Idaho 83844-2339, & Dale S. Kellar, 3525 12th St., 
Apt. #6, Lewiston, Idaho 83501. 
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ERRATUM 

In the article by W. D. Wiesenbom entitled Hesperopsis graciliae (MacNeill) 
(Lepidoptera: Hesperiidae) flight between hostplants and Prosopis glandulosa (73: 
186), the name of skipper should have been Hesperopsis gracielae not H. gra¬ 
ciliae. 


ADDENDUM 

The following authors received C. P. Alexander funds to partially offset their 
page charges: 

Barthell, J. F., T. L. Griswold, G. W. Frankie & R. W. Thorp. Osmia (Hymenop- 
tera:Megschilidae) diversity at a site in centreal coastal California. 73: 141— 
151. 

Brailovsky, H. A. Sibuyanhygia, a new genus of Colpurini from the Philippine 
Republic, with descriptions of three new species (Heteroptera: Coridae) 73: 70- 
78. 

Burquez, A. Distributional limits of Euglossine and Meliponine bees (Hymenop- 
tera: Apidae) in northwestern Mexico. 73: 137-140. 

Conway, J. R. Foraging activity, trails, food sources and predators of Formica 
obscuripes Forel (Hymenoptera: Formicidae) at high altitude in Colorado. 73: 
172-183. 

Gulmahamad, H. Gnathamitermes perplexus (Banks) (Isoptera: Termitidae): a nui¬ 
sance structural termite pest in southern California. 72: 37-38. 

Hynes, C. D. The immature stages and biology of the craneflies Toxorhina ca- 
ledonica and Elephantomyia garrigouana (Diptera: Limoniidae). 73: 93-99. 


EDITORIAL NOTICE 
CALL FOR MANUSCRIPTS 

The Pan-Pacific Entomologist is calling for the submission of quality manu¬ 
scripts, particularly full length articles. The journal is behind schedule and has 
had fewer than the desired number of pages (80p) in issues 73(3) and 73(4) due 
to a number of factors including an increase in the rejection rate by reviewers for 
submitted articles. Submitted articles should carefully follow publication guide¬ 
lines outlined in 73(4): 248-255 for all manuscripts and 69: 194-198 for taxo¬ 
nomic manuscripts. Due to the current deficit of manuscripts, articles that are 
submitted in the near future should be publishable in less than a year. 
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THE GENUS TYPHLOCOLPURA BREDDIN WITH THE 
DESCRIPTION OF THREE NEW SPECIES AND A NEW 
GENUS (HEMIPTERA: HETEROPTERA: COREIDAE: I 

COLPURINI) 1 

Harry Brailovsky 

Departamento de Zoologfa, Instituto de Biologfa 
Universidad Nacional Autonoma de Mexico 
Apdo Postal 70153, Mexico 04510 D.F., Mexico 

Abstract .—The genus Typhlocolpura Breddin (Coreidae: Colpurini) is revised and three new 
species from South India, the Malayan Peninsula and the Philippine Republic are described and 
illustrated; T. vandervechti Blote is synonymized with T. inops Breddin; Calyptohygia NEW 
GENUS, is proposed for the species brevicollis Blote, previously included in Typhlocolpura ; T. 
edax Breddin is transfered from Typhlocolpura to Homalocolpura Breddin with the binomial H. 
edax. The dorsal habitus, head, pronotum, female genital plates, male genital capsule and par- 
ameres of most of the species are illustrated. A checklist and key to the eight known species 
are provided. 

Key Words. —Insecta, Hemiptera, Heteroptera, Coreidae, Colpurini, Typhlocolpura, new species, 
new genus, South India, Malayan Peninsula, Philippine Republic. 


Breddin (1900a) described the genus Typhlocolpura and included one species, 
T. decoratula, collected in Sulawesi; years later he added two species from Java, 
T. egena and T. inops (Breddin 1906). The fourth known species was T. vulcanalis 
(Bergroth, 1916) from the Philippine Republic, and the next group of species was 
described by Blote (1932, 1933) from South India (T. brevicollis ) and Java ( T'. 
vandervechti). Miller (1936) described the last known species from the Malayan 
Peninsula under the binomial name T. chinai. Brailovsky & Barrera (1994) during 
the revision of the genus Homalocolpura Breddin, transfered H. edax Breddin to 
the genus Typhlocolpura based on the examination of the types deposited in 
Deutsches Entomologisches Institut, Germany (DEI). 

The present paper contains a taxonomic review of all known species of Ty¬ 
phlocolpura, with descriptions of three new species collected in South India, the 
Malayan Peninsula, and the Philippine Republic, and a key for identification. T. 
vandervechti is synonymized with T. inops, and a new genus is proposed to 
include the species, T. brevicollis, described by Blote (1933) in Pajanja and later 
transfered to Typhlocolpura (Blote 1936). During the preparation of this paper, I 
also found an inconsistancy between Breddin’s types of H. edax and T. inops, 
deposited in DEI, and the original descriptions. A careful analysis, allows me to 
annul the combination T. edax, and return it to its original combination H. edax, 
as well as to consider T. inops a clearly different taxon. 

Depository Abbreviations .—The following abbreviations identify the institu¬ 
tions where types are deposited, and from where specimens were loaned; The 
Natural History Museum, London (BMNH); Bernice P. Bishop Museum, Hono¬ 
lulu, Hawaii (BPBM); Deutsches Entomologisches Institut, DDR, Germany 
(DEI); Field Museum Natural History, Chicago, Illinois (FMNH); Institut Royal 

1 Page charges partially offset by a grant from the C. P. Alexander Fund. 
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des Sciences Naturelles, Bruxelles (IRNB); National Museum of Natural History, 
Budapest (MNH); Naturhistoriska Riksmuseet, Stockholm (NRE); Rijksmuseum 
van Natuurlijke Histoire, Leiden (RNHL); Instituto de Biologia. Universidad Na- 
cional Autonoma de Mexico (UNAM); University of Queensland Insect Collec¬ 
tion, Brisbane, Australia (UQIC); United States National Museum, Smithsonian 
Institution, Washington D.C. (USNM); Zoological Institut, Leningrad (ZIL); Mu¬ 
seum der Humboldt Universitat zu Berlin (ZMB). 

TYPHLOCOLPURA BREDDIN, 1900 

Typhlocolpura Breddin, 1900a: 195 (description); Breddin 1901: 71 (descriptive 

notes); Breddin 1906: 56 (descriptive notes); Bergroth 1913: 141 (check-list); 

Blote 1936: 44 (descriptive notes). 

Pajanja Blote, 1932: 263-264 (description); Blote 1933: 591 (note); Blote 1936: 

44 (synonym). 

Type Species.—Typhlocolpura decoratula Breddin, 1900; by monotypy. 

Redescription. — Head .—Longer than wide or as long as wide (across eyes), pentagonal, and dorsally 
flat or slightly convex; tylus unarmed, apically globose, extending anteriorly to the jugae and more 
raised in lateral view; jugae unarmed, thickened and shorter than tylus; antenniferous tubercle unarmed; 
side of head in front of eye unarmed, subparallel; antennal segment I robust, thickest, slightly curved 
outward and shorter or little longer than head; segments II and III cylindrical and slender; segment 
IV fusiform; segment II the longest, segment IV the shortest and segment III longer or shorter or 
subequal to segment I; ocelli absent and sometimes hard to see; preocellar pit deep; eyes large, 
spherical, sessile; postocular tubercle protuberant; buccula rounded, short, not projecting beyond an¬ 
tenniferous tubercle, with sharp spiny anterior projection, and with the anterior angle globose; rostrum 
reaching anterior one-third of abdominal stemite IV or posterior one-third of V; mandibular plate 
unarmed; genae unarmed. Thorax. — Pronotum: wider than long, trapeziform, non-declivent, and slight¬ 
ly to clearly bilobed; collar wide; frontal angles produced forward as conical lobes; humeral angles 
rounded, not exposed; anterolateral borders obliquely straight or sinuate, emarginated or not, and raised 
or not above pronotal disc; posterolateral borders straight; posterior border straight or slightly concave; 
pronotal disc nearly flat; callar region transversely flat or with a deep or thin laterocaudad depresion 
behind it; posterior lobe with or without median longitudinal depression. Anterior lobe of metathoracic 
peritreme reniform, posterior lobe sharp, small. Legs: Femora unarmed or armed with two rows of 
teeth or only with small tubercles and granules, along ventral surface; tibiae with a vague longitudinal 
sulcus or defently without sulcus. Scutellum: Triangular, flat or slightly convex; longer than wide or 
wider than long; apex acute or subacute or truncate, Hemelytra: Brachypterous condition; Clavus and 
corium fused; membranes do not overlap, reduced, usually reaching onto the fourth or anterior one 
third of fifth abdominal tergite; endocorium apically delicate or densely punctate, Coleopteroid con¬ 
dition; Clavus and corium fused; membranes do not overlap, reduced to a small flap, reaching onto 
the third abdominal tergite, thus leaving the abdominal terga exposed; endocorium apically punctate. 
Abdomen .—Connexival segments strongly elevated, higher than abdominal terga, with posterior angles 
not produced into spines; abdominal sterna with medial furrow extending the posterior margin of 
stemite V. Integument .—Body surface rather dull, seldom shiny. Head, pronotum, scutellum, hemel¬ 
ytra, thorax, abdominal sterna, and exposed parts of genital segments of both sexes strongly punctate, 
with short decumbent silvery bristle-like hairs, intermixed with a few long erect hairs located on the 
abdominal sterna, and with or without circular, grey-white farinose punctures. Pubescence of antennae 
and femora short, mainly suberect, on tibiae and tarsi longer and rather dense. Male genitalia .— 
Genital capsule ; Posteroventral edge simple, transversely straight (Fig. 1) or with a pronounced “U” 
shaped concavity, enclosed by 2 large and robust arms (Fig. 2), or with a weakly “U” shaped con¬ 
cavity, enclosed by 2 broadly, rounded lobes, with shallow emargination and each lobe with subapical 
carina (Fig. 6) or enclosed by 2 medium sized, elongate lobes (Fig. 5), or by 2 short and broad arms, 
or with small triangular median plate delimited laterally by 2 broad lobes (Fig. 4), or posteroventral 
edge, with lateral diverging spine-like projection, median bilobed process curved inward and with 
submedial truncated lobes (Figs. 10-11) or with outer lobe elongate, inner broadly rounded and with 
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Figures 1-6. Male genital capsule of Typhlocolpura spp. Figure 1. T. discoidalis Brailovsky, NEW 
SPECIES. Figure 2. T. decoratula Breddin. Figure 3. T. mgroalba Brailovsky, NEW SPECIES. Figure 
4. T. egena Breddin. Figure 5. T. vulcanalis Bergroth. Figure 6. T. inops Breddin. Figures 7-9. Female 
genitalia of Typhlocolpura spp. Figure 7. T. chinai Miller. Figure 8. T. decoratula Breddin. Figure 9. 
T. inops Breddin. 


submedial lobes short and weakly quadrate (Figs. 12-13). Parameres : Body slender, posterior lobe 
tapering to hooked apex (Fig. 19), or base of body broad, internal and external margin subparallel, 
constrict near foot-like apex, toe short, rounded at apex (Fig. 20), or apex of body conspicuously 
broad (Figs. 16-18). 

Female genitalia. —Abdominal sternite VII with plica and fissura; plica triangular, narrow, reaching 
anterior third of sternite VII; gonocoxae I squarish, enlarged dorso ventrally, in lateral view with the 
external face entire, nearly straight and ventrally open; paratergite VIII quadrate, with spiracle visible; 
paratergite IX square, conspicuously enlarged (Fig. 7) or rather short, always longer than paratergite 
VIII, with inner lobes curved to middle line and overlapping (Fig. 8) or with tips touching, but not 
overlapping (Fig. 9) or inner lobes opened, and thickened (Fig. 7). Spermatheca: Bulb spherical, duct 
coiled, with large membranous duct (Fig. 14), or bulb long and dilated, duct slightly coiled, with large 
membranous duct (Fig. 15). 









<— 

Figures 10-13. Male genital capsule of Typhlocolpura spp. Figures 10-11. T. chinai Miller. Figure 
10. Caudal view. Figure 11. Lateral view. Figures 12-13. T. balcazari Brailovsky, NEW SPECIES. 
Figure 12. Caudal view. Figure 13. Lateral view. Figures 14-15. Spermatheca of Typhlocolpura spp. 
Figure 14. T. chinai Miller. Figure 15. T. decoratula Breddin. 
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Table 1. Checklist of the species of the genus Typhlocolpura Breddin 3 . 


Name 


Distribution 


T. balcazari new species 
T. chinai Miller 
T. decoratula Breddin 
T. discoidalis new species 
T. egena Breddin 
T. inops Breddin 
T. nigroalba new species 
T. vulcanalis Bergroth 


Malayan Peninsula 
Malayan Peninsula 
Sulawesi 

Philippine Republic 

Java 

Java 

South India 
Philippine Republic 


3 Typhlocolpura brevicollis (Blote) 1933, is excluded and transfered to a new genus. 


Diagnosis.—Hygia Uhler 1861, like Typhlocolpura Breddin 1900a, has the 
abdominal stemite VII of the female with plica and fissura, the body rather dull, 
and the buccula with an anterior spiny projection. In Typhlocolpura, the clavus 
and corium are always fused, the claval suture is absent, the hemelytral membrane 
is reduced, and the ocelli are usually hard to see. In Hygia the claval suture is 
evident, the hemelytral membrane is well developed, and the ocelli are evident. 

In Lygaeopharus Stal 1870, the buccula is rounded without teeth or spiny 
projections; in Homalocolpura Breddin 1900b, the body is mostly shining, the 
ventral surface of the femora and tibiae bear 2 rows of sharp spines, and the 
rostrum is remarkably long, extending to the apex of the last abdominal stemite 
or beyond the abdomen; and in Tachycolpura Breddin (1900a), the body is nar¬ 
rowly, moderately elongated, with the humeral angles projected into a conical 
tooth, directed upwards and slightly backwards. In Typhlocolpura each group of 
characters are absent. 

Two of the new species (>discoidalis and nigroalba ) are only known from males 
and presumably belong to Typhlocolpura based on general external characters. 
Once the females are discovered the generic placement can be verified. 

KEY TO SPECIES OF THE GENUS TYPHLOCOLPURA 

1. Pleural abdominal sterna III to VII light yellow .... T. vulcanalis Bergroth 
1'. Pleural abdominal sterna III to VII red-brown to light orange, with or 

without posterior one-third light yellow . 2 

2. Hemelytral membrane creamy yellow with a central orange brown dis- 

coidal spot . T. discoidalis Brailovsky, NEW SPECIES. 


2'. Hemelytral membrane creamy yellow or dark ambarine but never with a 

central discoidal spot . 3 

3. Scutellum longer than wide or as long as wide; fore femora armed. 4 

3'. Scutellum wider than long; fore femora unarmed or only with few tuber¬ 
cles . 6 


4. Antennal segments I to III light orange-yellow; femora and tibiae light 
orange-yellow; posteroventral edge of male genital capsule with a pro¬ 
nounced “U” concavity, enclosed by 2 large and robust arms (Fig. 2) 

. T. decoratula Breddin 

4'. Antennal segments I to III red-brown to black; femora and tibiae mostly 
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red-brown to black; posteroventral edge of male genital capsule as in 
Figs. 3-4 or 10-13 . 5 

5. Postocular tubercle black with dorsal view yellow; apical endocorium del¬ 

icately punctate; posteroventral edge of male genital capsule as in Figs. 

12-13. T. bcilcazari Brailovsky, NEW SPECIES. 

5'. Postocular tubercle entirely black; apical endocorium strongly punctate; 
posteroventral edge of male genital capsule as in Figs. 10—11 ....... 

. T. chitiai Miller 

6. Posteroventral edge of male genital capsule with small triangular medium 

plate, delimited laterally by 2 broad lobes (Fig. 4) .... T. egena Breddin 
6'. Posteroventral edge of male genital capsule with a weak (Fig. 6) or me¬ 
dium (Fig. 3) sized “U” shaped concavity, delimited by 2 short and 
broad arms, and never with a mesial triangular plate . 7 

7. Trochanters light orange-yellow; callar region provided with a deep later- 

ocaudad depression behind it; coleopteroid, with hemelytral membrane 

reaching the abdominal tergite III . T. inops Breddin 

7'. Trochanters red-brown; callar region with thin laterocaudad depression 
behind it; brachypterous, with hemelytral membrane reaching anterior 

one-third of abdominal tergite V . 

. T. nigroalba Brailovsky, NEW SPECIES. 

TYPHLOCOLPURA BALCAZARI BRAILOVSKY, NEW SPECIES 
(Figs. 12-13, 18, 21, 37) 

Type Locality: Malayan Peninsula. 

Types. —Holotype, male; data: MALAYA. Fraser’s Hill, 1300 m., light trap, 16 
Mar 1966, J. Sedlacek. Paratype: 1 female; data: same locality and date as ho¬ 
lotype. Both specimens deposited in Bernice P. Bishop Museum (BPBM). 

Description. — Male (Fig. 21).— Coloration : Black with following areas orange yellow: dorsal aspect 
of postocular tubercle, apex of scutellum, costal margin of corium, posterior third of connexival 
segments III to VI, great portion of connexival segment VII, trochanters, dorsal face of femora, anterior 
and posterior lobe of metathoracic peritreme, and posterior third of pleural margins of abdominal 
sternites IV to VI and posterior half of VII; antennal segment I black, segments II and III dark red, 
IV pale orange-red; rostral segment I orange-red, II to IV pale orange-yellow; hemelytral membrane 
yellow with inner angle brown; tibiae dark red; tarsi shiny orange-hazel. Structural characters .— 
Head: Longer than wide, dorsally flat; antennal segment III longer than I; ocelli absent; rostrum just 
reaching posterior border of abdominal stemite IV. Pronotum ; Nearly trapeziform, and slightly bilobed; 
frontal angles produced forward as medium size conical lobes, reaching posterior third of postocular 
tubercle; anterolateral borders obliquely straight, weakly emarginate and slightly raised above pronotal 
disc; posterior border straight; callar region transversely flat; posterior lobe without median longitu¬ 
dinal depression. Legs: Femora ventrally armed with 2 rows of short spines or tubercles; tibiae with 
a vague longitudinal sulcus, Scutellum: Slightly longer than wide; apex acute. Hemelytra: Brachyp¬ 
terous; membrane reduced, reaching posterior third of the abdominal tergite IV; endocorium apically 
smooth or with few scattered punctures. Genitalia (Figs. 12-13,18).— Genital capsule (Figs. 12-13): 
Posteroventral edge with outer lobe elongate, inner broadly rounded, medial bilobed process broad 
with larger subapical excavation, and with submedial lobes short and weakly quadrate. Parameres 
(Fig. 18): Apex of body broad and truncate, constricted towards curve and expanded base. Measure¬ 
ments. —Total body length: 13.40 mm. Head length: 2.10 mm; width across eyes: 2.04 mm; interocular 
space: 1.16 mm; preocular distance: 1.32 mm. Antennal segments length: I, 2.56 mm, II, 3.88 mm, 
III, 2.72 mm, IV, 1.75 mm. Pronotal length: 2.40 mm; width across frontal angles: 2.04 mm; width 
across humeral angles: 3.16 mm. Scutellar length: 144 mm; width: 1.40 mm. 

Female. — Coloration: Similar to male. Connexival segments VIII and IX, dorsal abdominal seg- 
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Figure 21. Dorsal view of Typhlocolpura bcilcazari Brailovsky, NEW SPECIES. 


ments VIII and IX, and genital plates black, with posterior one-third of connexival segment VIII dark 
orange. Genitalia .—Paratergite IX conspicuously enlarged, with inner lobes opened and thickened. 
Measurements .—Total body length: 14.10 mm. Head length: 2.28 mm; width across eyes: 2.16 mm; 
interocular space: 1.20 mm; preocular distance: 1.36 mm. Antennal segments length: I, 2.60 mm, II, 
4.08 mm, III, 2.88 mm, IV, 1.86 mm. Pronotal length: 2.56 mm; width across frontal angles: 2.16 
mm; width across humeral angles: 3.36 mm. Scutellar length: 1.44 mm; width: 1.40 mm. 


Diagnosis .—Recognized by the structure of the male genital capsule, shape of 
the parameres, the brachypterous condition of the hemelytra, and by having the 
paratergite IX conspicuously enlarged, with the inner lobes opened. 

Distribution .—Only known from the type locality. 

Discussion .—Very similar to T. chinai Miller in general habitus and coloration. 
T. balcazari, is easily distinguished by the structure of the posteroventral edge of 
the male genital capsule (Figs. 10-13), and shape of the parameres (Figs. 16-18), 
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Figure 22. Dorsal view of Typhlocolpura chinai Miller. 


in having the dorsal aspect of the postocular tubercle orange-yellow, and the 
endocorium apically smooth or with few scattered punctures. In T. chinai the 
postocular tubercle is black and the endocorium is apically punctate. 

Etymology .—I am pleased to name this new species for Manuel Balcazar, dis¬ 
tinguished Mexican Lepidopterist. 


Typhlocolpura chinai Miller 
(Figs. 7, 10-11, 14, 16-17, 22, 30) 

Typhlocolpura chinai Miller, 1936: 65-66. 

Type Locality .—Malayan Peninsula, Perak. 


Redescription. — Male. — Coloration : Black with following areas orange yellow: apex of scutellum, 
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costal margin of corium, posterior third of connexival segments III to VI, and middle third of VII, 
trochanters, dorsal face of femora, anterior and posterior lobe of metathoracic peritreme, and posterior 
one-third or posterior angle of pleural margins of abdominal sterna IV to VII; antennal segment I 
black, II and III dark red, and IV light orange-brown, with basal join darker; rostral segment I dark 
orange-yellow, and II to IV pale orange-yellow; hemelytral membrane yellow with inner angle black; 
tibiae dark red; tarsi shiny orange-hazel. Structural characters .—Similar to T. balcazari except as 
follows: Rostrum reaching posterior border of abdominal sternite IV or anterior one-third of V; frontal 
angles of the pronotum produced forward as medium size conical lobes, just surpass the anterior 
border. Genitalia (Figs. 10—11, 16-17). —Genital capsule (Figs. 10-11): Posteroventral edge with 
lateral diverging spine-like projection, medial bilobed process curvedinward with short subapical ex¬ 
cavation, and with submedial truncated lobes. Parameres (Figs. 16-17): Apex of body broadly round¬ 
ed, internal margin slightly concave, external margin convex, and base narrowed and hook-like. Mea¬ 
surements. —Total body length: 11.65 mm. Head length: 2.00 mm; width across eyes: 1.84 mm; 
interocular space: 1.04 mm; preocular distance: 1.24 mm. Antennal segments length: I, 2.16 mm, II, 
3.24 mm, III, 2.28 mm, IV, 1.80 mm. Pronotal length: 2.16 mm; width across frontal angles: 1.84 
mm; width across humeral angles: 2.72 mm. Scutellar length: 1.14 mm; width: 1.12 mm. 

Female. — Coloration: Similar to male. Connexival segment VII black, with posterior third orange- 
yellow; connexival segments VIII and IX, dorsal abdominal segments VIII and IX, and genital plates 
black with following areas yellow: posterior third of connexival segments VIII and IX, posterior angle 
of paratergite VIII, and external face of paratergite IX (in some specimens paratergite VIII and IX 
entirely black). Genitalia (Fig. 7).—Paratergite IX conspicuously enlarged, with inner lobes opened 
and thickened. Spermatheca (Fig. 14): Bulb spherical, duct coiled with large membranous duct. Mea¬ 
surements. —Total body length: 12.60 mm. Head length: 2.00 mm; width across eyes: 1.92 mm; 
interocular space: 1.12 mm; preocular distance: 1.30 mm. Antennal segments length: I, 2.32 mm, II, 
3.48 mm, III, 2.44 mm, IV, 1.80 mm. Pronotal length: 2.28 mm; width across frontal angles: 2.00 
mm; width across humeral angles: 3.04 mm. Scutellar length: 1.30 mm; width: 1.28 mm. 

Distribution. —Only known from the Malayan Peninsula. 

Discussion. —This species is characterized by the uniform black color of the 
body, the yellow hemelytral membrane, the brachypterous condition, the open 
inner lobes of paratergite IX and the peculiar shape of the male genital capsule 
(Figs. 10-13) and parameres (Figs. 16—18). Differences between this species and 
T. balcazari were discussed under the former. 

Material Examined. —MALAYAN PENINSULA. I male, Robinson’s Falls, Cameron Highlands, 
1370-1525 m, 18 Jan 1976, G. B. and S. R. Monteith (UQIC); 5 males, 5 females, Pahang, Cameron 
Highlands, Brinchang Tr. 10-11, 1457 m, 17-29 Jul 1992, L. B. and C. W. O’Brien (UNAM); 1 male, 
Perak, Tana Rata, Cameron Highlands, 18 Mar 1930, N. C. E. Miller (Holotype BMNH). 

Typhlocolpura decoratula Breddin 

(Figs. 2, 8, 15, 19, 23, 28-29) 

Typhlocolpura decoratula Breddin, 1900a: 195 (type locality, Sulawesi); Breddin 
1901: 72—73 (redescription); Bergroth 1913: 141 (check-list). 

Type Locality. -Sulawesi (Celebes). 

Redescription.—Male (Fig. 23).— Coloration: Head, dorsal abdominal segments, thorax, abdominal 
sterna, and coxae red-brown to red-orange, with following areas pale yellow: dorsal aspect of post¬ 
ocular tubercle, apex of scutellum, hemelytral membrane, posterior one-third of connexival segments 
III to VII, rostral segments, posterior margin of metathorax, anterior lobe of metathoracic peritreme, 
posterior one-third of pleural sterna III to VII, acetabulae, and trochanters; antennal segments I to III 
light orange-yellow, and IV pale yellow with basal and apical one-third red-brown; pronotum, scutel¬ 
lum, clavus, and corium light to dark orange; femora, tibiae, and tarsi light orange-yellow. Structural 
characters. —Head: Longer than wide, dorsally flat; ocelli vague, hard to see; antennal segment III 
longer than I; rostrum reaching anterior one-third of abdominal sternite IV. Pronotum: Nearly quadrate, 
slightly bilobed; frontal angles produced forward as robust to medium size conical lobe, just surpassing 
anterior edge; anterolateral borders of anterior lobe straight, posterior lobe convex, both not raised 
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Figure 23. Dorsal view of Typhlocolpura decoratula Breddin. 


above pronotal disc; posterior border straight; callar region transversely flat; posterior lobe without 
median longitudinal depression. Legs-. Femora ventrally armed with 2 rows of short spines or tubercles. 
Scutellum : Longer than wide, apex truncate or subacute. Hemelytra : Brachypterous; membranes do 
not overlap, reaching anterior one-third of abdominal tergum V; apical endocorium delicately punctate. 
Genitalia (Figs. 2, 19).— Genital capsule (Fig. 2): Posteroventral edge with a pronounced “U” shaped 
concavity, enclosed by 2 large and robust arms. Parameres (Fig. 19): Body slender, posterior lobe 
tapering to hooked apex. Measurements. —Total body length: 9.90 mm. Head length: 1.80 mm; width 
across eyes: 1.75 mm; interocular space: 0.96 mm; preocular distance: 1.00 mm. Antennal segments 
length: I, 1.96 mm, II, 2.70 mm, III, 2.04 mm, IV, 1.56 mm. Pronotal length: 1.86 mm; width across 
frontal angles: 1.60 mm; width across humeral angles: 2.48. Scutellar length: 1.04 mm; width: 1.00 
mm. 

Female.—Coloration: Similar to male. Connexival segments VIII and IX, abdominal segments VIII 
and IX, and genital plates red-brown to red-orange. Genitalia (Fig. 8).—Paratergite IX medium size 
or rather short, with inner lobes curved, and overlapping. Spermatheca (Fig. 15): Bulb long and dilated, 
duct slightly coiled, with large membraneous duct. 

Measurements. —Total body length: 12.35 mm. Head length: 2.00 mm; width across eyes: 1.88 mm; 
interocular space: 1.02 mm; preocular distance: 1.22 mm. Antennal segments length: I, 1.96 mm, II, 
2.68 mm, III, 2.08 mm, IV, 1.64 mm. Pronotal length: 2.04 mm; width across frontal angles: 1.84 
mm; width across humeral angles: 2.88 mm. Scutellar length: 1.28 mm; width: 1.08 mm. 

Variation. —(1). Hemelytral membrane white. (2). Acetabulae red-brown. 
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Figure 24. Dorsal view of Typhlocolpura discoidcilis Brailovsky, NEW SPECIES. 


Distribution.— Only known from Sulawesi. 

Discussion .—The type species of the genus, is clearly distinguished from other 
members of the genus by the following combination of features: the shape of the 
posteroventral edge of the genital capsule with its pronounced “U” concavity 
enclosed by 2 large and robust arms (Fig. 2), the slender bodied parameres which 
have the posterior lobe tapered to a hooked apex (Fig. 19), the overlapping inner 
lobes of paratergite IX of the female (Fig. 8), and the delicately punctate apical 
endocorium. 

Material Examined .—SOUTH CELEBES: 6 males, 4 females, Mt. Lompobattang, 915 m, Mar 
1896, H. Fruhstorfer (IRNB, UN AM); SOUTH CELEBES: 3 males, 2 females, Bua-Kraeng, 1525 m, 
Feb 1896, H. Fruhstorfer (IRNM, UN AM). 

Typhlocolpura discoidalis Brailovsky, NEW SPECIES 

(Figs. 1, 24) 

Type Locality: Philippine Republic. 

Types. —Holotype, male; data: PHILIPPINE REPUBLIC. Palawan Isl., south 
slope Mt. Balabag, Mantalingajan Range, 1280-1370 m, 10-16 May 1947, F. G. 
Werner; deposited Field Museum of Natural History, Chicago (FMNH). 
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Description.—Male (Fig. 24).— Coloration : Head, anterior pronotal lobe, scutellum (apex shiny 
orange red), dorsal abdominal segments III to VI, thorax, abdominal sterna III to VII, and genital 
capsule red-brown; posterior pronotal lobe., clavus, corium, connexival segments (posterior edge dirty 
yellow), and dorsal abdominal segment VII orange-red; antennal segment 1 red-brown, II and III light 
orange-red with basal joint of III light yellow, and IV orange-yellow with basal joint orange-red; 
dorsal aspect of the postocular tubercle yellow; hemelytral membrane creamy yellow with following 
areas orange-brown: each margin, and a central discoidal spot; rostral segments orange-hazel; anterior 
lobe of metathoracic peritreme orange-yellow; coxae dark red-brown; trochanter yellow; femora light 
red-brown with basal join paler; tibiae and tarsi light orange-yellow. Structural characters. —Head: 
As long as wide, dorsally flat; ocelli present; antennal segment 1 longer than III; rostrum reaching 
posterior one-third of abdominal stemite IV. Pronotum : Nearly trapeziform, slightly bilobed; frontal 
angles produced forward as small size rounded lobes, just reaching anterior one-third of anterior edge; 
pronotal disc without median longitudinal depression; anterolateral border with anterior lobe almost 
straight, and posterior lobe convex; callar region transversely flat; posterior lobe straight. Legs: Femora 
unarmed. Scutellum: Wider than long, flat, with apex acute, Hemelytra: Brachypterous; membranes do 
not overlap, reaching anterior edge of abdominal tergum IV; apical endocorium punctate. Genitalia .— 
Genital capsule (Fig. 1): Posteroventral edge simple, transversely straight. Measurements. —Total body 
length: 9.65 mm. Head length: 1.72 mm; width across eyes: 1.72 mm; interocular space: 0.92 mm; 
preocular distance: 1.12 mm; interocellar space: 0.47 mm. Antennal segments length: I, 1.84 mm, II, 
2.36 mm, III, 1.72 mm, IV, 1.30 mm. Pronotal length: 1.60 mm; width across frontal angles: 1.60 
mm; width across humeral angles: 2.16 mm. Scutellar length: 0.92 mm; width: 0.96 mm. 

Female .—U nknown. 

Diagnosis. —Recognized for the peculiar coloration of the hemelytral mem¬ 
brane. 

Distribution. —Only known from the type locality in the Philippine Republic. 

Discussion. —This is the only species of Typhlocolpura with the hemelytral 
membrane creamy yellow, with each margin and a central discoidal spot orange 
brown. Additionally the male genital capsule is very simple, with the postero¬ 
ventral edge transversely straight (Fig. 1). 

Etymology. —Named for the peculiar discoidal spot located on the hemelytral 
membrane. 

Material Examined .—See Types. 

Typhlocolpura egena Breddin 

(Figs. 4, 34) 

Typhlocolpura egena Breddin, 1906: 57-58 (type locality. West Java); Bergroth 

1913: 141 (check-list). 

Type Locality. —West Java. 

Types. —WEST JAVA. 1 male, Tengger Gog, 1220 m, S. Fruhstorfer. Type 

deposited in Museum der Humboldt, University of Berlin (ZMB). 

Redescription.—Male (Fig. 34).— Coloration: Red-brown, with following areas orange-hazel: pos¬ 
terior lobe of pronotum, clavus and corium; hemelytral membrane dark smoke; dorsal aspect of the 
postocular tubercle, apex of scutellum, posterior angle of the connexival segments III to VII, and 
anterior and posterior lobe of metathoracic peritreme dirty yellow; rostral segment I yellow, II and III 
light orange-hazel, and IV dirty yellow; coxae light orange-hazel; trochanters yellow; femora dark 
orange-brown, with basal join yellow; tibiae, and tarsi light orange-brown, with dirty yellow reflec¬ 
tions. Structural characters .—Head: Wider than long; ocelli present; antennal segment III longer than 
I; rostrum reaching posterior one-third of abdominal stemite V. Pronotum: Trapeziform, clearly bi¬ 
lobed; frontal angles produced forward as small rounded lobes, just reaching anterior edge; pronotal 
disc with median longitudinal depression; anterolateral borders with anterior lobe straight, and posterior 
lobe convex; callar region slightly protuberant. Legs: Femora unarmed. Scutellum: Wider than long, 
with apex subacute. Hemelytra: Coleopteroid; membrane reduced to a small flap, reaching the anterior 
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Figure 25. Dorsal view of Typhlocolpura inops Breddin. 


edge of abdominal tergum IV; apical endocorium punctate. Genitalia.—Genital capsule (Fig. 4): Pos- 
teroventral edge with small triangular medium plate, delimited laterally by 2 broad lobes. Measure¬ 
ments. —Total body length: 7.70 mm. Head length: 1.32 mm; width across eyes: 1.44 mm; interocular 
space: 0.84 mm; preocular distance: 0.84 mm; interocellar space: 0.43 mm. Antennal segments length: 
I, 1.16 mm, II, 1.76 mm, III, 1.28 mm, IV, absent. Pronotal length: 1.48 mm; width across frontal 
angles: 1.40 mm; width across humeral angles: 2.40 mm. Scutellar length: 1.04 mm; width: 1.06 mm. 

Female. —Unknown. 

Distribution .—Only known from West Java. 

Discussion .—Only the type specimen, a male, is known, and is clearly distin¬ 
guished by the shape of the posteroventral edge of the genital capsule (Fig. 4), 
the head wider than long, and the pronotum with the frontal angles small and 
rounded. 

Typhlocolpura inops Breddin 

(Figs. 6, 9, 25, 32-33) 

Typhlocolpura inops Breddin, 1906: 56-57 (type locality, Java, Tjibodas); Ber- 

groth 1913: 141 (check-list). 
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Figure 26. Dorsal view of Typhlocolpura vulcanalis Bergroth. 


Pajanja vandervechti Blote, 1932: 264 (type locality: West Java, Buitenzorg, Sa- 
lak. Holotype deposited: Rijksmuseum van Natuurlijke Histoire). NEW SYN¬ 
ONYMY. 

Typhlocolpura vandervechti (Blote) 1936: 44. 

Type Locality. —West Java. 

Types. —JAVA. Lectotype male (DEI), one paralectotype male (DEI), one par- 
alectotype female of T. inops (DEI), Tjibodas, m. Samml. WEST JAVA. Holotype 
female of T. vandervechti (RNHL), Buitenzorg, Salak II Top, 4 Jul 1929, J. van 
der Vechti. 

Redescription.—Male (Fig. 25).— Coloration : Red-brown with following areas yellow: dorsal aspect 
of postocular tubercle, apex of scutellum, posterior edge of connexival segments III to VI, and anterior 
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Figure 27. Dorsal view of Calyptohygia brevicolla (Blote). 


lobe of metathoracic peritreme; antennal segments I and IV red-brown, II and III dark orange; rostral 
segments I to III light orange, and IV yellow; coxae red-brown; trochanters light orange-yellow; fore 
femora red-orange; middle and hind femora red-orange with basal joint and subapical ring yellow; 
tibiae and tarsi light to dark orange; hemelytral membrane dark ambarine; humeral angles, clavus, 
corium, and pleural abdominal sterna III to VII light orange. Structural characters.—Head : Longer 
than wide, dorsally almost flat; ocelli present, hard to see; antennal segment I longer than III; rostrum 
reaching posterior one-third of abdominal stemite IV. Pronotum: Nearly trapeziform, slightly bilobed; 
frontal angles produced forward as small size conical lobes, just reaching anterior one-third of anterior 
edge; anterolateral borders almost obliquely straight; posterior border slightly concave; pronotal disc 
with median longitudinal depression; callar region with a deep laterocaudad depression behind it. 
Legs: Femora armed with small tubercles. Scutellum: Wider than long; disc slightly convex; apex 
subacute. Hemelytra: Coleopteroid; membrane reduced to a small flap reaching onto the third abdom¬ 
inal tergum; apical endocorium punctate. Genitalia.—Genital capsule (Fig. 6): Posteroventral border 
with a weakly “U” shaped concavity, enclosed by 2 broadly rounded lobes with shallow emargination, 
and each lobe with subapical carina. Measurements. —Total body length: 9.05 mm. Head length: 1.56 
mm; width across eyes: 1.46 mm; interocular space: 0.86 mm; preocular distance: 1.00 mm; intero- 
cellar space: 0.48 mm. Antennal segments length: I, 1.24 mm, II, 1.76 mm, III, 1.36 mm, IV, 1.08 
mm. Pronotal length: 1.60 mm; width across frontal angles: 1.48 mm; width across humeral angles: 
2.28 mm. Scutellar length: 0.72 mm; width: 0.84 mm. 

Female. — Coloration: Similar to male. Connexival segments VIII and IX light orange; dorsal ab¬ 
dominal segments VIII and IX, and genital plates red-brown. Genitalia (Fig. 9).—Paratergite IX short, 
with inner lobes curved to middle third, touching on its tips but not overlapping. Measurements .— 
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Total body length: 9.75 mm. Head length: 1.61 mm; width across eyes: 1.58 mm; interocular space: 
0.95 mm; preocular distance: 1.05 mm; interocellar space: 0.46 mm. Antennal segments length: I, 
1.33 mm, II, 1.82 mm, III, 1.32 mm, IV, 1.17 ram. Pronotal length: 1.51 mm; width across frontal 
angles: 1.70 mm; width across humeral angles: 2.32 mm. Scutellar length: 0.80 mm; width: 0.93 mm. 

Variation. —(1). Antennal segments I to IV red-brown. (2). Antennal segment 
IV yellow and basally red-brown. (3). Rostral segments I to IV dirty orange- 
yellow to red-brown. (4). Connexival segments III to VII light orange. 
Distribution. —Only known from West Java. 

Remarks. —Brailovsky and Barrera (1994), while revising the genus Homalo- 
colpura Breddin, transferee! H. edax Breddin (1900a) to Typhlocolpura, based on 
the examination of the type deposited in DEI, which without any doubt belongs 
to Typhlocolpura. 

During the preparation of this paper it was necessary to study the type material 
of Typhlocolpura. When I received and compared the types deposited in DEI 
under the name T. inops Breddin (1906) I found that they were the same as those 
I had borrowed previously as H. edax. The question as to which is the valid 
species thus arises. A carefull analysis of the original descriptions of both species 
allows me to propose the following: 

1) The type of H. edax, deposited in DEI, must be confused among other taxa 
or missing the type label. 

2) The combination T. edax proposed by Brailovsky and Barrera (1994) is anulled 
and returned to the original combination H. edax Breddin. This decision was 
reached because in the original description some characters specific to Hom- 
alocolpura are mentioned, i.e., rostrum length almost reaching the apex of the 
last abdominal stemite, hemelytral membrane well developed and reaching 
abdominal segment VII, femora conspicuosly armed and shining body. 

3) T. inops like H. edax is distributed in Java, and it is likely that the origin of 
the types caused the present confusion. 

4) T. inops is a valid species whose treatment was followed in this paper. 

In this study T. vandervechti (Blote, 1932) also collected in Java, is synony- 
mized with T. inops. 

T. inops is easily recognizable by the shape of the male genital capsule (Fig. 
6), and the callar region provided with a deep laterocaudad depression behind it. 

Typhlocolpura nigroalba Brailovsky, NEW SPECIES 

(Figs. 3, 31) 

Type Locality. —South India. 

Types. —Holotype male, SOUTH INDIA: Kerala St., Trivandrum District, Poon 
Mudi Range, 915 m, Sep 1971, T. R. S. Nathan. Deposited: Field Museum Natural 
History, Chicago (FMNH). 

Description.—Male (Fig. 31).— Coloration : Grey-brown with following areas orange-hazel: apex 
of scutellum, rostral segments, and tarsi; antennal segment I grey-brown, II and III red-brown, and IV 
light orange-red with basal joint red-brown; hemelytral membrane creamy yellow, with veins dark 
brown; anterior and posterior lobe of the metathoracic peritreme dirty yellow; trochanters shiny red- 
brown. Structural characters. — Head: Longer than wide, dorsally almost flat; ocelli present, hard to 
see; antennal segment III longer than I; rostrum reaching anterior one-third of abdominal stemite V. 
Pronotum: Nearly trapeziform, slightly bilobed; frontal angles produced forward as small sized round¬ 
ed lobes, just reaching anterior one-third of anterior edge; pronotal disc without median longitudinal 
depression; anterolateral border with anterior lobe straight, and posterior lobe convex; callar region 




Figures 28-31. Dorsal view of Typhlocolpura spp. Figures 28-29. T. decoratula Breddin. Figure 
30. T. chinai Miller. Figure 31. T. nigroalba Brailovsky, NEW SPECIES. 
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transversely flat; posterior lobe straight. Legs'. Femora unarmed, with surface densely tuberculate. 
Scutellum: Longer than wide, flat, with apex subacute. Hemelytra: Brachypterous; membrane do not 
overlap, reaching anterior edge of abdominal tergum V; apical endocorium punctate. Genitalia .— 
Genital capsule (Fig. 3): Posteroventral edge with medium size “U” shaped concavity, delimited by 
2 short and broad arms. Measurements. —Total body length: 9.94 mm. Head length: 1.80 mm; width 
across eyes: 1.68 mm; interocular space: 0.98 mm; preocular distance; 1.08 mm; interocellar space: 
0.54 mm. Antennal segments length: I, 1.92 mm, II, 2.92 mm, III, 1.96 mm, IV, 1.52 mm. Pronotal 
length: 1.84 mm; width across frontal angles: 1.68 mm; width across humeral angles: 2.60 mm. 
Scutellar length: 1.10 mm; width: 1.06 mm. 

Female. —Unknown. 

Diagnosis. —Recognized by the structure of the male genital capsule, and the 
coloration of the trochanters and hemelytral membrane. 

Distribution. —Only known from the type locality. 

Discussion. —This is the only species in the genus with red-brown trochanters; 
in all the other species they are yellow. Additionally the male genital capsule has 
a medium size “U” shape concavity delimited by two short and broad arms (Fig. 
3), and the hemelytral membrane is creamy yellow with veins dark brown. The 
combination of characters is not present in other species in the genus. 

Etymology. —From the latin words nigra, black, and alba, white, indicating its 
conspicuously contrasting markings on the hemelytral membrane. 

TYPHLOCOLPURA VULCANAL1S BERGROTH 

(Figs. 5, 20, 26, 37) 

Typhlocolpura vulcanalis Bergroth, 1916: 226-227 (type locality, Philippine Re¬ 
public). 

Type Locality. —Philippine Republic. 

Redescription. — Male (Fig. 37).— Coloration: Red-brown with following areas dirty orange: dorsal 
aspect of postocular tubercle, and apex of scutellum; antennal segments I to III red-brown and IV 
dirty orange with basal joint red-brown; posterior margin of pronotum, clavus, and corium light orange; 
hemelytral membrane creamy yellow; connexival segments, and pleural margins of abdominal sterna 
III to VII light yellow with superior edge red-brown; rostral segments light orange-yellow; anterior 
lobe of metathoracic peritreme yellow, posterior lobe red-brown; coxae red-brown; trochanters yellow; 
femora red-brown with basal joint, and dorsal face mostly yellow; tibiae red-brown to dark orange; 
tarsi light orange-yellow. Structural characters. — Head: Longer than wide, almost flat; ocelli present, 
hard to see; antennal segment III equal to I; rostrum reaching anterior one-third of abdominal sternite 
V. Pronotum: Nearly trapeziform, clearly bilobed; frontal angles medium size, surpassing anterior 
edge; anterolateral borders with anterior lobe straight, and posterior lobe convex; posterior border 
slightly concave; pronotal disc nearly flat; callar region with thin laterocaudad depression behind it. 
Legs: Femora unarmed. Scutellum: Wider than long, flat, with apex acute. Hemelytra: Coleopteroid; 
membrane reaching anterior one-third of abdominal tergum IV; apical endocorium punctate. Genita¬ 
lia. — Genital capsule (Fig. 5): Posteroventral edge with a weakly “U” shaped concavity, enclosed by 
two medium size elongate lobes. Parameres (Fig. 20): Base of body broad, internal and external 
margin subparallel, constricted near foot-like apex. Measurements. —Total body length: 9.85 ram. Head 
length: 1.84 mm; width across eyes: 1.76 mm; interocular space: 1.04 mm; preocular distance; 1.16 
mm; interocellar space: 0.54 mm. Antennal segments length: I, 1.64 mm, II, 2.32 mm. III, 1.64 mm, 
IV, 1.48. Pronotal length: 1.76 mm; width across frontal angles: 1.88 mm; width across humeral angles: 
2.64 mm. Scutellar length: 1.04 mm; width; 1.08 mm. 

Female. — Coloration: Similar to male. Connexival segment VIII with anterior one-third red-brown, 
and posterior one-third yellow; connexival segment IX, and dorsal abdominal segments VIII and IX 
red-brown; genital plates red-brown with following areas yellow to orange: dorsal face of paratergite 
VIII, and mesial spot on paratergite IX. Genitalia. —Paratergite IX short, with inner third overlapping. 
Measurements. —Total body length: 11.95 ram. Head length: 1.96 mm; width across eyes: 1.92 mm; 




Figures 32-34. Dorsal view of Typhlocolpura spp. Figures 32-33. T. inops Breddin. Figure 34. 
T. egena Breddin. Figure 35. Dorsal view of Calyptohygia brevicolla (Blote). 



1998 BRAILOVSKY: COREIDAE TYPHLOCOLPURA AND CALYPTOHYGIA 81 



Figures 36-37. Dorsal view of Typhlocolpura spp. Figure 36. T. vulcanalis Bergroth. Figure 37. 
T. balcazari Brailovsky, NEW SPECIES. 


interocular space: 1.14 mm; preocular distance: 1.28 mm; interocellar space: 0.54 mm. Antennal 
segments length: I, 1.64 mm, II, 2.32 mm, III, 1.64 mm, IV, 1.48 mm. Pronotal length: 1.92 mm; 
width across frontal angles: 1.96 mm; width across humeral angles: 3.08 mm. Scutellar length: 1.24 
mm; width: 1.28 mm. 

Distribution .—Only known from the Philippine Republic. 

Discussion .—This species can be differentiated by the yellow color of the con- 
nexival segments and pleural abdominal sterna III to VII, by the shape of the 
male genital capsule (Fig. 5) and parameres (Fig. 20), the clear overlap of the 
inner lobes of paratergite IX, and by the callar region which has a thin latero- 
caudad depression behind it. In T. inops Breddin, the closest species, the connex- 
ival segments and pleural sterna are red-brown to light orange, with or without 
the posterior third yellow, the callar region has a deep laterocaudad depression 
behind it, and the male genital capsule (Fig. 6), and paratergite IX are distinct. 

Material Examined. —PHILIPPINE REPUBLIC. 1 male, Mindanao, Mt. Apo, Jun-Jul, E. A. Mear- 
nus. Type deposited in United States National Museum, Smithsonian Institution, Washington D.C. 
(USNM). 1 male, Mindanao, E. Slope Mt. McKinley, Prov. Davao, 13 Sep 1946, F. G. Werner 
(FMNH). 1 male, Mindanao, E. Slope Mt. Apo, Prov. Davao, 1000-1065 m, 22 Oct 1946, F. G. 
Werner (UNAM). 1 male, 1 female, Mindanao, Meran, E. Slope Mt. Apo, Prov. Davao, 1820 m, 9 
Nov 1946, H. Hoogstraal and D. Heyneman (FMNH). 1 female, Mindanao, Baclayan, E. Slope Mt. 
Apo, Prov. Davao, 1980 m, Nov 1946, H. Hoogstraal (UNAM). 

CALYPTOHYGIA BRAILOVSKY, NEW GENUS 

Type Species.—Pajanja brevicollis Blote, 1933, by monotypy. 

Description. — Head'. As long as wide, pentagonal, and dorsally convex; tylus unarmed, apically 
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globose, extending anteriorly to the jugae and more raised in lateral view; jugae unarmed, thickened 
and shorter than tylus; antenniferous tubercle unarmed; side of head in front of eye unarmed; antennal 
segment I robust, thickest, slightly curved outward and shorter than head; segments II and III cylin¬ 
drical and slender; segment IV fusiform; segment II the longest, I the shortest, and III longer than IV; 
ocelli present, hard to see; preocellar tip deep; eyes large, spherical, sessile; postocular tubercle pro¬ 
tuberant; buccula rounded, short, not projecting beyond antenniferous tubercle, and without sharp spiny 
anterior projection; rostrum reaching posterior third of abdominal sternite IV; mandibular plate un¬ 
armed; genae unarmed. Thorax. — Pronotum: Wider than long, trapeziform, non declivent, and slightly 
bilobed; collar wide; frontal angles produced forward as large conical lobes, almost reaching posterior 
one-third of eyes; humeral angles rounded, not exposed; anterolateral borders obliquely sinuate, emar- 
ginate, and raised above pronotal disc; posterior border concave; pronotal disc with slight medial 
longitudinal depression; callar region transversely flat, without a posterior laterocaudad depression. 
Anterior lobe of metathoracic peritreme reniform, posterior lobe sharp, small. Legs: Femora unarmed; 
tibiae with a vague longitudinal sulcus. Scutellum. —Triangular, flat, wider than long; apex truncate. 
Hemelytra. —Coleopteroid; clavus and corium fused; membrane reduced to a small flap, reaching onto 
the second abdominal tergum leaving the abdominal terga exposed; endocorium apically punctate. 
Abdomen .—Connexival segments strongly elevated, higher than abdominal terga, with posterior angles 
not produced into spines. Integument. —Body surface rather dull, strongly punctate, and with short 
decumbent silvery bristle-like hairs, intermixed with a few long erect hairs located on the abdominal 
sterna. Pubescence of antennae and femora short, mainly suberect, on tibiae and tarsi longer and rather 
dense. Male genitalia.—Genital capsule: Posteroventral edge with a pronounced “U” shaped concav¬ 
ity, enclosed by two median and robust arms. 

Female genitalia. —Abdominal sternite VII with plica and fissura; plica triangular, narrow, reaching 
anterior one-third of sternite VII; gonocoxae I squarish, enlarged dorsoventrally, in lateral view with 
the external face entire, nearly straight, and ventrally open; paratergite VIII quadrate, with spiracle 
visible; paratergite IX short with inner lobes curved to middle third, and slightly overlapping. 

Discussion. —This genus is erected to include the species brevicollis Blote 
(1933) previously included in the genus Pajanja (Blote 1933), and later transfered 
to Typhlocolpura (Blote 1936). Ccilyptohygia is superficially close to Typhlocol- 
pura Breddin. In Ccilyptohygia the buccula is rounded without teeth or a spiny 
anterior projection, and antennal segment I is the shortest. In Typhlocolpura the 
buccula is rounded with a sharp spiny anterior projection, and the antennal seg¬ 
ment IV is the shortest. 

Grosshygia Brailovsky 1993, Grosshygioides Brailovsky 1993, and Calyptoh- 
ygia have the buccula rounded without sharp teeth, the tylus unarmed and apically 
globose, the scutellum wider than long, and abdominal sternite VII of the female 
with plica and fissura. The three genera can be separated on the basis of the 
following combination of characters: In Grosshygia the antenniferous tubercles 
are armed, the cephalic dorsum is nodule-like, and antennal segments I, III and 
IV are subequal. In the other two genera the antenniferous tubercles are unarmed, 
the cephalic dorsum is flat or slightly convex, and antennal segment I is the 
shortest. In Grosshygioides the hemelytra are staphylinoid, reaching to the pos¬ 
terior one-third of abdominal tergum III, the mandibular plate is armed, ocelli are 
absent, the frontal angles project forward as rounded, short teeth, and the head is 
conspicuously longer than wide. In Calyptohygia the hemelytra are coleopteroid, 
reaching onto the second abdominal tergum, the mandibular plate is unarmed, the 
ocelli are present but hard to see, the frontal angles project forward as large 
conical lobes, and head is as long as wide. 

Etymology. —The generic name refers to the cryptic nature of these tiny col- 
purini. Gender feminine. 
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Calyptohygia brevicolla (Blote), NEW COMBINATION 

(Figs. 27, 35) 

Pajanja brevicollis Blote, 1933: 591-592 (Type locality: South India, Nilgiri 
Hills). 

Typhlocolpura brevicollis (Blote) 1936: 44 
Type Locality ’.—South India. 

Types .—Holotype male, allotype female; SOUTH INDIA. Nilgiri Hills, Coon- 
oor, 1675 m, May 1915, T. V. Campbell; both deposited in Rijksmuseum van 
Natuurlijke Histoire, Leiden (RNHL). 

Redescription.—Male (Fig. 27).— Coloration'. Red-brown with following areas yellow: space be¬ 
tween eyes and ocelli, dorsal aspect of the postocular tubercle, apex of scutellum, external border of 
humeral angles, posterior one-third of connexival segments III to VI, posterior margin of dorsal ab¬ 
dominal segment VII, anterior lobe of metatboracic peritreme, posterior one-third or posterior angle 
of pleural margins of abdominal sterna III to VII, and scattered spots on abdominal sterna; antennal 
segment I and IV dark orange, II and III light orange; corium light orange; hemelytral membrane dirty 
ambarine; coxae red-brown; trochanter yellow; fore femora dark orange; middle and hind femora dark 
orange, with basal joint and apical one-third yellow; tibiae light orange with 2 vague yellow rings; 
tarsi I and III light orange, and II mostly yellow. Measurements. —Total body length: 7.55 mm. Head 
length: 1.36 mm; width across eyes: 1.36 mm; interocular space: 0.84 mm; preocular distance: 0.88 
mm; interocellar space: 0.50 mm. Antennal segments length: I, 0.88 mm, II, 1.38 mm, III, 1.06 mm, 
IV, 1.02 mm. Pronotal length: 1.16 mm; width across frontal angles: 1.60 mm; width across humeral 
angles: 2.56 mm. Scutellar length: 0.60 mm; width: 1.08 mm. 

Female. — Coloration: Similar to male. Connexival segments VIII and IX, abdominal dorsal seg¬ 
ments VIII and IX, and genital plates red-brown. Measurements. Total body length: 8.52 mm. Head 
length: 1.56 mm; width across eyes: 1.56 mm; interocular space: 1.02 mm; preocular distance: 0.98 
mm; interocellar space: 0.64 mm. Antennal segments length: I, 0.96 mm, II, 1.40 mm. III, 1.12 mm, 
IV, 1.04 mm. Pronotal length: 1.32 mm; width across frontal angles: 1.80 mm; width across humeral 
angles: 2.84 mm. Scutellar length: 0.64 mm; width: 1.24 mm. 
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LIFE HISTORY AND DESCRIPTION OF DASINEURA 
GLEDITCHIAE (DIPTERA: CECIDOMYIIDAE) IN 
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Abstract .—The biology of Dasineura gleditchiae (Osten Sac ken) (Diptera: Cecidomyiidae) was 
studied in California on honeylocust trees, Gleditsia triacanthos L. First appearance of the gall 
midge, documented by the capture of adults in emergence traps placed under G. triacanthos, 
was in mid-February 1996. Opaque-white, ovoid eggs with a mean (± 1 SE) length of 0.36 ± 
0.006 mm were oviposited in clusters along the rachis or margins of expanding leaves. Three 
instars were identified; mean (± 1 SE) head capsule widths (mm) were 0.02 ± 0.001, 0.03 ± 
0.001, and 0.05 ± 0.001 for the first, second, and third instars, respectively. A single first instar 
was found capable of initiating gall formation. Three forms of leaf galls were observed: 1) a 
partial fold, 2) a complete fold, and 3) a roll gall. Gall forms were found to be related to the 
number of larvae inhibiting galls. The mean (± 1 SE) number of larvae per gall form was 1.88 
± 0.119, 3.18 ± 0.160, and 6.88 ± 0.792, for partial, complete, and roll galls, respectively. The 
parasitoid and predator guild that emerged from galls containing D. gleditchiae included Cera- 
phron sp. (Ceraphronidae), Lyrcus sp. and Mesopolobus spp. (Pteromalidae), Brasema sp. (Eu- 
pelmidae), Aprostocetus sp. (Eulophidae) and Orius tristicolor (White) (Anthocoridae). 

Key Words .—Insecta, Dasineura gleditchiae, Gleditsia triacanthos, honeylocust pod gall midge. 


Thornless honeylocust trees, Gleditsia triacanthos L. var. inermis Zabel, were 
widely planted throughout the United States. The honeylocust tree has many de¬ 
sirable qualities including its purported immunity to diseases (Hepting 1971) and 
insect pests, adaptability to high pH and fine soil texture, heat tolerance (Graves 
1994), and its availability in many attractive forms with various foliage color 
(Haserodt & Sydnor 1983). However, as this tree was widely planted, Dasineura 
gleditchiae (Osten Sacken), also known as the honeylocust pod gall midge, has 
emerged as a major pest in western United States. The cultivar ‘Sunburst’ is 
reported as the most susceptible honeylocust cultivar damaged by the gall midge 
(Koehler 1982). Feeding by the larvae of this cecidomyiid causes galling of the 
leaflets and early leaf abscission which reduces the aesthetic value of the tree 
(Koehler 1987). 

Dasineura gleditchiae and the honeylocust tree are native to the eastern interior 
of the United States (Dirr 1977). The gall midge is now distributed throughout 
the United States and Europe (Nijveldt & Caron 1978, Del Bene 1986, Fisher & 
Pivot 1992). It was first documented in California in 1978 (Dowell & Gill 1989). 
Gall midge dispersal has presumably been through movement of infested plant 
material. D. gleditchiae is a significant pest in western United States and is rarely 
a problem in eastern United States. 

Controlling the gall midge to protect the aesthetic value of the tree has proven 
difficult. Soil-applied systemic insecticides targeting the larval stage on G. tria¬ 
canthos grown in containers (Parrella et al. 1986) and in the field (Harrigan & 
Saunders 1975) achieved only short term control. In addition, many of the pes¬ 
ticides used in these trials are restricted use materials not available to homeown¬ 
ers. Therefore the gall midge is able to establish on landscape trees and can then 
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move back into nursery stock, thus confounding control in commercial nurseries. 
Because of this, recommendations have been made to plant an alternative tree in 
California (Koehler 1987). 

Much of the information reported on the biology of the gall midge is anecdotal, 
contains conflicts, or are generalizations which apply to the family rather than the 
genus. The generally accepted biology is that adult presence is first noted in the 
spring, oviposition begins on young, unfurled foliage from which larvae emerge. 
The larvae move to an appropriate feeding site (unfurled foliage), feed gregari¬ 
ously in the pod galls that form, and pupate within the galls (Schread 1959). 
Generation time has been reported to vary from 14-26 days (Del Bene 1986). 
The literature contains conflicts regarding what stage overwinters and where it 
overwinters (Schread 1959, Mayer et al. 1981, Del Bene 1986). 

The limited information concerning D. gleditchiae probably reflects the diffi¬ 
culty in studying this insect. The greatest portion of the gall midge’s lifecycle is 
spent in the larval stage which is obscured from view by gall tissue. The adults, 
like most cecidomyiids, are very frail and short lived. 

More detailed information on the fife history of D. gleditchiae is required to 
develop an IPM program for this pest. Our objectives were to describe the de¬ 
velopmental stages, establish the number of instars, confirm the speculation that 
the gall midge overwinters under the canopy of G. triacanthos, describe gall 
forms, and inventory parasitoids and predators of D. gleditchiae in selected areas 
of California. 


Methods and Materials 

Randomly selected G. triacanthos L. var. inermis ‘Sunburst’ of similar age (15- 
20 years) with trunk diameters at a 1.2 m height of 21.0-30.0 cm, and a canopy 
dripline radii 5.5-8.5 m were used for the experiments unless reported otherwise. 
These trees were located in Davis, California. 

Field Studies. —Three, 30-cm long terminals were randomly selected from two 
trees at each of two locations (12 terminals total) one time, during May 1995. 
Eggs were removed from the terminals using a moistened camel hair brush, im¬ 
mediately placed on slides, and kept moist with 70% ethyl alcohol. Larvae and 
pupae were removed from galls with the aid of fine tipped probes, immediately 
placed on slides, and kept moist with 70% ethyl alcohol. All life stages were 
measured and photographed using a Wild® photomacroscope at 50X magnifica¬ 
tion. 

Additional pupae were removed from galled plant material and placed in petri 
dishes with moistened filter paper. These were then placed in an environmental 
chamber set at 26° C, 60% RH, 12:12 (L:D). Pupae were checked daily for color 
change until adults emerged which were then sexed. Observations were conducted 
to see if sexual dimorphism was apparent in the pupal stage. 

Greenhouse Study. —Newly emerged adults (approximately 12 h old) were 
taken from emergence cages containing galled foliage. Adults were confined in 
clip cages attached to unexpanded foliage of containerized trees in a greenhouse. 
Clip cages were distributed over ten trees with three cages per tree, each on a 
separate branch. Clip cages were monitored every 2 h until egg deposition (4 h 
total) was first observed. Clip cages and the adults were then removed. Monitoring 
of egg hatch through adult emergence was done using a 10X hand lens and by 
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destructive sampling for viewing under a dissecting microscope. Observations 
were conducted at 12 h intervals from the time of removal of the clip cages until 
adult emergence. All life stages were observed for purposes of description and 
biology. 

Clip cages were made of clear 2.5 cm acrylic tubing which had been cut into 
2.5 cm lengths. Ventilation was provided through nylon chiffon material that was 
hot-glued over one end. A pipe cleaner was hot-glued onto the circumference of 
the end which was placed in contact with the foliage. With the open end of the 
cage facing down, the acrylic cage was hot-glued to the upper arm of a hair clip 
which was bent in a 90° angle. Then a 3.0 cm square of adhesive-backed foam 
weather stripping was hot-glued to the lower arm of the hair clip. A leaf lamina 
was placed between the clip cage and the foam weather stripping. The foam 
provided rigidity resulting in a better seal to prevent escape of the adult gall 
midges. 

Instars .—The number of instars was determined using Dyar’s Rule (Dyar 
1890). Larvae were placed in 70% ethyl alcohol on slides for measuring head 
capsule width and body length and width using a microscope fitted with an ocular 
micrometer. Head capsule data were statistically analyzed using Cluster Analysis 
(SAS Institute 1994). The relationship between body length (dependent variable) 
and head capsule (independent variable) was analyzed using linear regression 
(SAS Institute 1994). 

Overwintering .—Emergence traps and soil core sampling were used to confirm 
that the soil below the canopy of honeylocust trees was an overwintering site of 
D. gleditchiae. Emergence traps were made of inverted, white, three-gallon plastic 
buckets; each covered 452-cm 2 area of ground surface. Five-cm diameter venti¬ 
lation holes were cut into the vertical sides of the buckets and covered with 
organdy material. A 50 ml centrifuge tube was hot-glued to the top of each bucket 
to collect emerging adults. 

Beginning January 1996 emergence traps were placed under randomly selected 
trees from each of three sites. The ground surface under the tree canopies differed 
between sites: Site 1) unmaintained grasses; Site 2) no vegetation because of the 
use of herbicides; Site 3) mowed grasses. 

At each site 30 emergence traps were placed within the drip line of a honey- 
locust tree. Collection tubes were removed and capped every four days from 
January to mid-April 1996. Tubes were taken to the laboratory where positively 
identified D. gleditchiae adults were counted and sexed. 

Soil cores, 5.0 cm diameter wide by 7.0 cm depth, were collected during Feb¬ 
ruary 1996. Randomly selected trees from each of four sites in Davis, California 
were used. The surface treatment, mowed grasses to within approximately 30.0 
cm of the base of the tree trunks, was the same at each site. 

Soil cores were collected from 37.5, 150.0 and 300.0 cm from the base of 
honeylocust trees. The soil cores were placed in sealed bags and returned to the 
laboratory. Each soil core was placed in a brine solution. Floating cocoons were 
removed from the solution and placed in petri dishes with moistened blotters in 
an environmental chamber with a mean temperature of 26° C, 40% RH, 12:12 
(L:D) until adult arthropods emerged. Voucher specimens of emergent material 
were deposited in the Bohart Museum of Entomology, University of California, 
Davis. 
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Tree Phenology and Gall Form. —At five day intervals during March 1996, 
bud expansion was monitored by collecting ten outer canopy terminal branches 
with a minimum of ten buds. A rating system for bud expansion was devised in 
which 1 = bud scales tight, no green vegetation visible with an unassisted eye 
and 2 = green vegetation showing the beginning of bud expansion. 

Gall forms were assayed by sampling from two sites. Galls were rated as 1) 
partial fold, 2) complete fold, or 3) roll gall; the designation of fold gall was 
determined using Russo’s terminology (1979). The number of larvae within each 
form was also recorded. 

The minimum number of larvae required to initiate a gall and the earliest instar 
that can initiate a gall was determined. At 20 h after observation of eclosion first 
instars (n = 4) that were solitary on four, individual, unexpanded leaflets, were 
removed from the leaflets. Those four leaflets, left attached, were monitored daily 
for 14 d at which time galling characteristics of the leaflets were observable. 

Parasite/Predator Observations. —We evaluated the natural enemy complex as¬ 
sociated with D. gleditchiae in six Californian counties (Yolo, Sacramento, Tulare, 
Fresno, Stanislaus, Madera) covering a distance of 402 km north to south. 1) Fifty 
terminals were collected (once every three weeks from April to June 1995) from 
honeylocust trees in each of the six counties. The terminals were placed in emer¬ 
gence buckets after visual inspection to assure that the terminals were free of 
other pests. Emergence buckets were taken to the laboratory and inspected peri¬ 
odically for emergence and identification of natural enemies. 2) In Yolo county 
additional observations were conducted by 2 methods: A) Every 2 weeks twenty 
pinnules with varying numbers of galls were collected at a height of 1.0-5.5 m 
from a honeylocust tree in mowed grass. A total of 160 pinnules were collected. 
Collecting began at the first appearance of galling (late April) and continued until 
galling was no longer apparent (late July). Petri dishes containing the samples 
were placed in an environmental chamber with a temperature of 26° C, 60% RH, 
12:12 (L:D). B) Gall midge cocoons, collected from soil core samples using a 
brine flotation technique, were placed in an environmental chamber with a mean 
temperature of 26° C, 40% RH, 12:12 (L:D). Emergent arthropods were collected 
and identified. Voucher specimens of emergent material were deposited in the 
Bohart Museum of Entomology, University of California, Davis and the USDA, 
Systematic Entomology Laboratory, Beltsville, Maryland. 

Results 

Eggs. —(Fig. 1A and Table 1). Eggs were elongate-ovoid and newly deposited 
eggs were opaque-white which progressed to opaque-red at eclosion. A red spot 
was observed in each egg as the embryos matured. Eggs were laid singly or in 
clusters along rachis or marginal folds of unexpanded leaflets. Eggs could be 


-> 

Figure 1. Photographs of various stages and damage. (A) cluster of eggs along rachis of unex¬ 
panded leaflets; (B) first instar; (C) second instar; (D) third instar; (E) various color phases of pupae; 
(F) adult male D. gleditchiae ; (G) undamaged compound host leaf; (H) galled leaf; (I) exuvium 
protruding from gall with newly emerged adult. 
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Figure 1. Continued. 
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Table 1. Descriptive data on the life stages of Dasineura gleditchiae. 


Life stage 

n 


Mean ± 1 SE (mm) 


Length 

Width 

Head capsule width 

Egg a 

96 

0.36 ± 0.006 

0.10 ± 0.002 

— 

First instar b 

20 

0.57 ± 0.034 

0.14 ± 0.001 

0.02 ± 0.001 

Second instar b 

61 

1.49 ± 0.089 

0.35 ± 0.024 

0.03 ± 0.001 

Third instar b 

26 

2.44 ± 0.108 

0.57 ± 0.024 

0.05 ± 0.001 

Pupa c 

29 

2.43 ± 0.042 

0.84 ± 0.017 

— 

Adult female d 

15 

1.85 ± 0.056 

0.53 ± 0.026 

— 

Adult male d 

3 

1.79 ± 0.064 

0.49 ± 0.052 

— 


a = Length measured from apical to distal most end; width measured at medial point. 
b = Length measured from apical end of extended head capsule to distal end of the abdomen; width 
measured at third segment of the abdomen. 

c = Length measured from apical end of head to distal end of the abdomen; width measured at third 
segment of the abdomen. 

d = Length measured from apical end of head to distal end of the ninth abdominal segment; width 
measured at third segment of the abdomen; there was no significant difference analyzed by Student 
t-test (P < 0.05) between the measurements of adult females and males. 

easily confused with similarly shaped and colored trichomes also present at this 
location on the leaflets. 

Instars. —(Figs. 1B-D and Table 1). Newly hatched instars contained a red spot 
at the anterior end. First instars were cylindrical, opaque to white, and had a 
smooth integument with annular rings. Second and third instars were elongate 
and dorso-ventrally flattened. The body consisted of a head, three thoracic, and 
nine abdominal segments. Color varied from white to orange and heads were 
small and retractable with two-part antennae. The integument progressed from 
smooth to pebbled as later instars developed. The instar lengths ranged from 0.57 
mm in the first instar to 2.44 mm in the third instar. 

The third instar bilobed spatula or “breast bone” was observed through the 
second instar integument on the prothorasic venter. The spatula became more 
apparent as the second instar integument was shed. 

Pupae. —(Fig. IE and Table 1). Pupae, approximately 2.43 mm long, were 
obtect with hom-like spines located at the base of the antennae. Color was white 
at early development but progressed to light orange or red at eclosion. Pupae were 
sexually dimorphic; females had a red abdomen whereas the males had a gray 
abdomen. 

Adults. —(Fig. IF and Table 1). Antennae were long and moniliform with 12 
flagellar segments. No ocelli were present and the compound eyes were of the 
holoptic type. Wing venation was reduced with the costal vein ending before the 
wing tip and the subcostal vein approximately Vi the length of the costal vein. 
The thorax was gray with two prominent black, longitudinal stripes. Tarsomere 
one, of a total of five, was considerably shorter than tarsomere two and the tarsal 
claws had large, basal teeth. 

Adult flies were sexually dimorphic. Males had a gray abdomen and stalks on 
the flagellomeres of the antennae. Antennae of the males were longer than anten¬ 
nae of the females. Females had red abdomens and lacked the flagellomere stalks. 
Female body length (Student f-test; t = 0.431, df = 16, P = 0.05) and width 
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Figure 2. Clustering of head capsule widths distinguishing instars of D. gleditchiae. 

(Student /-test; / = 0.598, df = 16, P = 0.05) was not significantly greater than 
the male. The terminal abdominal segment of the female consisted of a protrusible 
ovipositor whereas for the male the terminal segment was formed into a clasper. 

Biological Observations .—At a mean (± 1 SE) temperature of 29 ± 1.33° C 
egg eclosion began 44 h after oviposition. First instars traveled by an undulating 
motion to a feeding site; the adaxial side of a leaflet lamina. A single, first instar 
was found capable of gall initiation. All instars fed within galls. Pupation was 
observed to occur in galls or within silken cocoons in the soil. 

Just before adult eclosion from pupae in galls, pupae extended one-half their 
anterior length between the leaflet folds that created the galls. Adults (Fig. II) 
emerged from “T”-shaped slits formed on the dorsal side of the pupal exuviae, 
which remained extended between the leaf folds after emergence. Third instars 
of later generations fell from the galls to the soil and traveled by undulating 
motions to locations that provided shelter from sunlight. Soil cores taken in the 
spring contained cocoons with third instars or pupae in them. Duration of the 
larval and pupal stages at 29 ± 1.33° C ranged 14-21 and 3-5 d, respectively. 

After July 1995 and 1996, no eggs were observed. The honeylocust trees con¬ 
tinued to produce new foliage until late September when leaves began to abscise. 

Instars .—Cluster analysis, based on head capsule widths, indicated three instars 
(Fig. 2). Head capsule widths progressed within the expected geometric ratios 
(Dyar 1890); a 1.5 ratio between the first (0.02 mm ±) and second (0.03 mm ±) 
instar and a 1.6 ratio between the second and third (0.05 nun ±) instar. 

Overwintering. —(Fig. 3). Two of the three sites had very few captures. We 
only present data from one collection site—Site 3. Site 3 captures occurred over 
a 56 day period; beginning mid-February and ending mid-April with peak emer¬ 
gence mid-March. Adult gall midges were captured in emergence traps prior to 
noticeable bud expansion of the honeylocust trees, suggesting partial asynchrony 
between adult emergence and availability of oviposition sites. 

Gall Description .—(Table 2). Newly formed galls were green or reddish in 
color and older, empty galls turned brown and abscised. Three forms of leaf galls 
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Figure 3. Total capture of adult D. gleditchiae in emergence traps during 1996. Buds on honey- 
locust trees did not begin noticeable expansion until early March. First pupa collected from tree foliage 
in late April. 


were observed; a partial fold—less than 50% of a leaflet forms the gall, a complete 
fold—the complete leaflet forms the gall, and a roll gall—the leaflet margins curl 
on the adaxial side towards the midvein. There were significant differences be¬ 
tween the mean number of larvae in the gall forms; a partial fold contained an 
average of 1.88 larvae, the complete fold contained an average of 3.18 larvae, 
and a rolled gall contained an average of 6.88 larvae. During the study, the most 
common type of gall observed was the complete fold. 

Predator IP arasitoid Observations .—(Table 3). Generalist feeders collected in 
association with the gall midges and the honeylocust trees included Araneida, 
Coleoptera, Hymenoptera, and Hemiptera. One generalist predator, Orius tristi- 
color (White), emerged from a gall. 

The majority of the parasitoids, eulophids and pteromalids, did not begin to 
emerge until mid-April. The number of parasitoids increased over time, peaking 
in early June and declining in July. All the parasitoids appeared to be larval/pupal 
parasitoids. Of the emerged parasitoids, 95% of them were pteromalids. A Cer - 
aphron sp. (Ceraphronidae), typically associated with soil-dwelling arthropods, 
emerged in mid-February from one cocoon extracted from a soil core sample. 


Table 2. Number of Dasineura gleditchiae larvae found in different gall forms. 


Gall form 

Mean ± 1 SE 1 

n 

Low 

Range 

High 

Partial 

1.88 ± 0.120a 

136 

1 

9 

Complete 

3.18 ± 0.160b 

379 

1 

23 

Roll 

6.88 ± 0.792c 

41 

1 

21 


1 Means followed by a different letter are significantly different (single factor ANOVA; F = 44.0; 
df = 2, 553), using Tukey’s mean separation test (P < 0.001). 
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Table 3. Arthropods reared from honey locust galls collected in California. 


Family 

County 

Genus 

Species 

Anthocoridae 

Yolo 

Orius 

tristicolor 

Ceraphronidae 

Yolo 

Ceraphron 

sp. 


Eulophidae 


Yolo 

Aprostocetus 

spp. 


Eulophidae 


Sacramento 

Aprostocetus 

spp. 


Eupelmidae 


Stanislaus 

Brasema 

sp. 


Pteromalidae 


Yolo 

Lyrcus 

sp. 


Pteromalidae 

Stanislaus 

Lyrcus 

sp. 


Pteromalidae 

Sacramento 

Lyrcus 

sp. 


Pteromalidae 

Yolo 

Mesopolobus 

spp. 


Pteromalidae 

Tulare 

Mesopolobus 

sp. 



Discussion 

Along the rachis surface and the margins of unexpanded leaflets are trichomes 
of a similar length and width as an egg of D. gleditchiae. The eggs oviposited 
amongst trichomes are cryptic, as evidenced by the difficulty in distinguishing 
eggs from trichomes without high magnification or experience. The cryptic nature 
of the eggs may protect them from predation. 

Egg length in California was similar to that in Italy (Del Bene 1986). However, 
our findings differed from those of Schread (1959) and Mayer et al. (1981) who 
reported kidney shaped eggs of a lemon-yellow to amber color. This variation in 
color may be due to different species or subspecies which occur in other areas or 
it may simply be subjective. 

The presence of a spatula has been used to identify the last instar in other 
cecidomyiids (Pitcher 1955, Wilson 1966). However, if the spatula is not observed 
under the second instar integument of a D. gleditchiae, a third instar may be 
misidentified as a second instar. Casual observation alone is not adequate for instar 
determination. 

Pupal sex can be determined by the color of the abdomen. Dasineura females 
are proovigenic and eggs within the abdomen give pupae a red appearance. When 
eggs are removed from the abdomen the color changes to gray and resembles a 
male abdomen. Abdominal color in late pupal stages can be used to distinguish 
sex and could be useful in demographic analyses for determining sex ratios, sexual 
survivorship, and projecting population growth. 

Homs on the anterior end of the pupae are present on D. gleditchiae and many 
other cecidomyiid genera. Gagne (1989) believes they function in aiding pupal 
escape from cocoons or galls. Our observations support this. The folds of galls 
must be pried apart in order for the pupae to extend out for adult emergence. The 
horns appear to be the only sclerotized parts of the pupae capable of serving this 
function. 

The adults in this study were <2.00 mm long, which was considerably smaller 
than those from Washington which were about 3.0 mm long (Mayer et al. 1981). 
This size discrepancy remains unexplained. 

Descriptive characteristics measured for adults in this study agree with those 
given by Osten Saken (1866), who originally described the gall midge from Rhode 
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Figure 4. Correlation between length (dependent variable) and the head capsule widths (indepen¬ 
dent variable). 

Island. A more detailed description of adult morphology is discussed in the Man¬ 
ual of Nearctic Diptera (Gagne 1981). 

Gagne (1989) stated that cecidomyiids have three instars and our measurements 
of head capsule widths distinguish three distinctive instars for this species (Fig. 
2). Instar length was less discrete than head capsule widths. Length can be used 
to classify instars but it is more variable and less reliable than head capsule widths 
as a predictor of instar (Fig. 4). 

Emergence of D. gleditchiae from the soil was previously undescribed. We 
detected emergence of adults prior to noticeable bud expansion of G. triacanthos. 
There are reports which link emergence of cecidomyiids with the first flush of 
growth on host plants (Mayer et al. 1981). Asynchrony of gall midge emergence 
and bud expansion may result in reduced gall midge densities whereas years when 
synchrony does occur, high gall midge densities may occur early in the season. 

A factor that complicates control strategies of D. gleditchiae is the finding that 
a single first instar can initiate galling. Control strategies are usually directed at 
preventing gall formation to preserve the aesthetic value of landscape trees. In 
the landscape setting, typically there is no tolerance of pest damage. 

The gall midge is a gregarious feeder. We observed a range of 1-33 larvae per 
gall. Del Bene (1986) reported a range of 1-8 larvae per gall in Italy. Osten Saken 
(1866) described two gall forms initiated by D. gleditchiae ; galls made of com¬ 
plete leaflets and galls made of partial leaflets. He reported 2-3 larvae per gall 
but did not distinguish the number of larvae per gall form. We found that leaf 
gall form for D. gleditchiae may be a function of the number of larvae initiating 
galling. 

The results show that the mean density of larvae differs between gall forms. 
With this information a rapid estimate of population size may be made by ob¬ 
serving gall forms present. This would greatly expedite monitoring of populations 
for making pest decisions. 

Many of the same wasp families associated with D. gleditchiae in California, 
especially the Pteromalidae, were also reported from galls of D. gleditchiae in 
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Italy (Del Bene 1993). The pteromalid, Lyrcus catalpae (Crawford), has been 
reared from D. gleditchiae in Ohio (Krombein et al. 1979) but this is not the 
same species found in California. In addition to the families of Hymenoptera that 
we reared from D. gleditchiae galls in California, members of the Torymidae and 
Platygasteridae were reared from galls of D. gleditchiae in Italy (Del Bene 1993). 
It is not possible to compare species between California and Italy because many 
of the parasites found in California have only been identified to genus level and 
appear to be new species (S. Hey don, personal communication). 

Dasineura gleditchiae is not a severe pest in its native distribution which sug¬ 
gests that the insect is suppressed by natural enemies (Gonzalez & Gilstrap 1992). 
Currently, the natural enemies of D. gleditchiae have not been inventoried in the 
pest’s native geographic distribution but cataloging has been initiated (K. Valley, 
personal communication). Once those investigations are complete, the complex 
can be assessed for structure, climatic suitability, and other factors to determine 
if members can be brought to California to attain biological control of this pest. 
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Abstract .—Ants of the genus Paratrechina are common in the New World. Paratrechina lae¬ 
vigata Mackay NEW SPECIES, is unusual in that it lacks coarse, dark hairs on the mesosoma 
and head, which characterize all other New World species of the genus. Superficially it appears 
to be a member of Lasius, with which it could be easily confused. 

Key Words. — Paratrechina, Lasius, Mexico, Ant, Formicidae. 

Resumen .—Hormigas del genero Paratrechina son comunes en el Nuevo Mundo. Esta nueva 
especie, Paratrechina laevigata, es rara en que no tiene pelos gruesos y obscuros en el mesosoma 
ni en la cabeza, como en las otras especies del genero en el Nuevo Mundo. Superficialmente, 
se parece a una especie de Lasius, y es muy facil de confundirlas. 


The ant genus Paratrechina is one of the common elements in the New World, 
with species occurring in habitats ranging from deserts to tropical rain forests. 
Determination is difficult and only species from the United States have been 
subjected to revision (Trager 1984). Species in this genus are easily recognized 
as there are paired, coarse, dark hairs located on the dorsum of the mesosoma 
and on the head. This new species does not have these coarse hairs. 

The holotype and two paratypes of this new species were discovered in the 
United States National Museum misidentified as Acanthomyops mexicanus Whee¬ 
ler. Initially I considered it to be an undescribed species of Lasius. Upon careful 
examination, it was determined to be a species of Paratrechina which lacks the 
coarse hairs of its congeners. 

Paratrechina Laevigata Mackay, NEW SPECIES 

(Figs. 1-3) 

Types. —Holotype worker and two paratype workers; data: MEXICO. COUMA 
(no specific locality), Mar 1923, W. M. Mann, labeled Acanthomyops mexicanus 
Whir., det. R. R. Snelling ’68; deposited: U.S. National Museum of Natural His¬ 
tory, Washington, D.C., one paratype in Mackay collection. 

Description of worker .—Head length 0.70-0.78 mm; head width 0.65-0.74 mm; scape length 0.74- 
0.83 mm; eye length 0.14-0.15 mm; Weber’s length 0.83-0.91 mm. Indices: scape index (SL/HL X 
100) 106; cephalic index (HW/HL X 100) 93-95. Mandibles with six teeth, subequal in size, with a 
somewhat larger gap between penultimate and terminal basal tooth (Fig. 2); anterior border of clypeus 
concave (Fig. 2), surface of clypeus strongly convex; frontal carinae very short, not extending past 
level of eye; vertex concave; eyes large, with over 50 facets; scape long, extending more than one- 
half its length past occipital border; maxillary palps with 6 segments, extending about one-half distance 
to foramen magnum; labial palps with 4 segments, about one-third length of maxillary palps; meso¬ 
soma similar to that of P. arenivaga\ mesopleuron about same width and shape as propodeum, dorsal 
face short, less than one-half length of posterior face; petiole small and narrow (Fig. 1). Hairs fine, 
long, erect, covering most surfaces of body; relatively coarse hairs abundant on gaster (Fig. 1); de¬ 
cumbent pubescence essentially absent. Sculpture very weak, entire surface of ant, including gaster, 
smooth and polished, strongly reflecting light. Color light yellow-brown. 
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Figures 1-3. Paratrechina laevigata Mackay, NEW SPECIES. Figure 1. General habitus. Figure 
2. Frontal view of head. Figure 3. Margins of setal socket. 


Female and Male: Unknown. 

Diagnosis. —This is a small pale ant, and is easily separated from all other New 
World species in the genus as it lacks dark, coarse hairs on the mesosoma. 

Distribution. —Known only from type locality. 

Discussion.—Paratrechina laevigata appears to be most closely related to P. 
arenivaga (Wheeler), as head shape and structure of the mesosoma and gaster of 
the two species are nearly identical. This new species is clearly a member of 
Paratrechina, and not a member of Lasius, based on numerous characters (Table 
1). It would key to Lasius in Creighton (1950) and with difficulty to Paratrechina 
in Holldobler and Wilson (1990) and Bolton (1994). Although this species su- 


Table 1. A comparison of Paratrechina laevigata with the genera Lasius and Paratrechina. 


Character 

Lasius 

Paratrechina 

P. laevigata 

Distance of eye from base of 





mandible (diameters) 

several 


about 1 

about 1 (Fig. 1) 

Number of mandibular teeth 

7 + 


5-6 

6 (Fig. 2) 

Placement of eye (section of 





head) 

posterior 


anterior 

anterior (Fig. 2) 

Anterior border of clypeus 

convex 


concave 

concave (Fig. 2) 

Coarse hairs on mesosoma 

absent 


present 

absent 

Long and coarse gastral hairs 

absent 


present 

present (Fig. 1) 

Margins of setal socket 

poorly differentiated 

raised, dark 

raised, darkened (Fig. 3) 

Decumbent pubescence 

abundant 


sparse 

nearly absent 
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perficially resembles ants of the genus Lasius it is structurally quite different, and 
does not appear to be closely related to Lasius (compare characters in Table 1). 
Etymology .—Name based on the smooth, polished integument. 

Material Examined .—See Types. 
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Abstract.—Decodes helix, NEW SPECIES, is described from Santa Rosa and Santa Cruz islands, 
Santa Barbara County, and several sites on the mainland in San Diego County, California, and 
Baja California, Mexico. It appears most closely related to D. aneuretus Powell on the basis of 
male and female genitalia, host plant, and seasonal flight period. Decodes helix is distinguished 
by the long, laterally bent aedeagus and very long, slender, coiled ductus bursae. Larvae were 
collected from Arctostaphylos confertifolia (Ericaceae) on Santa Rosa Island and A. insularis on 
Santa Cruz Island. 

Key Words .—Insecta, biogeography, larval food plant, Arctostaphylos, Xylococcus. 


Decodes Obraztsov, 1961, is one of four genera of Cnephasiini that occur in 
North America. Decodes and the closely related Decodina Powell, 1980, are con¬ 
fined to the Western Hemisphere, while Cnephasia Curtis and Eana Billberg are 
Holarctic in distribution. Powell (1980) treated 19 species of Decodes, which 
range from southern Canada to southern Mexico; in addition, there are several 
undescribed species represented in collections. Some of these are known from 
only one sex or are otherwise poorly documented; one has become known better 
through recent collections and is the subject of this paper. 

While conducting independent inventories of Lepidoptera on the California 
Channel Islands in collaboration with the National Park Service and at Naval Air 
Station (NAS) Miramar, under contract to the U.S. Navy, we encountered a winter¬ 
flying species of Decodes that proved to be undescribed and helped resolve a 30- 
year old mystery shrouding this species. 

History. —In 1966 Powell collected larvae of Decodes from Arctostaphylos 
insularis E. Greene (Ericaceae) on Santa Cruz Island that matured, pupated, and 
metamorphosed but failed to emerge. The male genitalia differed slightly from 
Decodes aneuretus Powell (Obraztsov & Powell 1961, Powell 1964), which was 
described from Monterey County, suggesting this was a related new species, but 
owing to the absence of fully developed adult specimens, a description was not 
prepared. In 1973, D. aneuretus was reared from Arctostaphylos virgata Eastwood 
in Marin County (Powell 1980), and in recent years from A. hooveri P. Wells at 
Big Creek, Monterey County, California (Powell, unpublished data), providing 
supporting evidence of the close relationship to the island species. In April 1995, 
Arctostaphylos-feeding larvae of Decodes were collected on Santa Rosa Island, 
which produced adults in late December 1995 and January 1996. The adults 
proved to be morphologically distinct from D. aneuretus, and conspecific not only 
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with the Decodes of Santa Cruz Island but with specimens collected at NAS 
Miramar on the mainland of southern California in winter 1995/1996. 

Additional specimens of the new species were discovered in the personal col¬ 
lection of Ronald Leuschner, from two sites several miles inland from NAS Mir¬ 
amar. The species apparently has escaped notice because adults fly during winter 
and early spring, November to March. 

Materials and Methods 

Decodes specimens were examined from most major institutional collections in 
North America (cited by Powell 1980); those of the new species were located in 
the Essig Museum of Entomology, University of California, Berkeley (UCB); San 
Diego Natural History Museum, San Diego (SDNHM); and Leuschner Collection, 
Manhattan Beach, California (RLC). 

Larval collections were made by clipping new terminals from the host plant; 
these were placed in polyethylene bags lined with paper toweling, which larvae 
used to construct cocoons under the plant material. Bags were placed in outdoor 
cages at Berkeley for overwintering. 

Dissection methodology followed that summarized in Brown and Powell 
(1991). Terminology for wing venation and structures of the genitalia follows 
Horak (1984). Abbreviations: FW = forewing; n = number of specimens mea¬ 
sured or dissected; r.f. = reared from; M = male; F = female. 

Decodes helix Powell and Brown, NEW SPECIES 

(Figs. 1-6) 

Types. —Holotype male: CALIFORNIA. SANTA BARBARA Co.: Santa Rosa 
Island, Torrey Pines area, 28 Apr 1995 (larva), reared from Arctostaphylos con- 
fertifolia, emerged 6 Jan 1996 (J. Powell, 95D93) [JAP genit. prep. 7262]; allo¬ 
type female, same data; both deposited in Essig Museum of Entomology, Uni¬ 
versity of California, Berkeley. Other paratypes (n = 37): CALIFORNIA: SAN 
DIEGO Co.: Dos Picos County Park, 5 mi. [8 km] W [of] Ramona, 1 M, 5 Feb 
1987 (R. Leuschner, RLC); Naval Air Station Miramar, 1 F, 1 Jan 1996, 1 M, 15 
Jan 1996, 2 M, 7 Feb 1996, 1 F, 16 Feb 1996, 1 F, 23 Feb 1996, 1 M, 7 Mar 
1996, 1 F, 8 Mar 1996, 1 F, 21 Mar 1996, 5 M, 1 F, 19 Nov 1996, 2 M, 28 Nov 
1996, 1 M, 3 Dec 1996, 1 F, 8 Dec 1996, 2 M, 2 F, 13 Dec 1996, 1 M, 29 Dec 
1996, 2 F, 1 Jan 1997, 1 M, 3 Feb 1997 (N. Bloomfield, SDNHM, UCB, USNM) 
[genit. preps. JWB 726M, 727F, 780M, 781F, 788M, 789F, 868M, 869F, JAP 
735IF]; Silverwood Sanctuary, Wildcat Canyon, 5 M, 6 Feb 1987 (R. Leuschner, 
RLC) [JWB genit. prep. 797]. SANTA BARBARA Co.: S Ridge Rd., Santa Cruz 
Island, 1 M (+ 3 pupae), 29 Apr 1966 (larvae), r.f. Arctostaphylos insularis (J. 
Powell & A. Slater, JAP 66D39, UCB) [JAP genit. prep. 5769]; same data as 
holotype, 1 F, emerged 30 Dec 1995; Cherry Cyn., 750-800' [220-260 m], Santa 
Rosa Island, 1 M, 26 Apr 1995 (larva), r.f. A. confertifolia, emerged 20 Jan 1996 
(J. Powell, 95D62, UCB). MEXICO. BAJA CALIFORNIA NORTE: 1 mi. E [of] 
Santo Domingo Mission, 1 F, 18 Mar 1972, at light (J. Powell & J. Doyen, UCB) 
[JAP genit. prep. 3528]. 

Description. — Male: FW length 8.5-9.5 mm (jc = 9.3; n = 12); length 3.2-34 X width. Head: 
Frons smooth-scaled below eye, scales gray, white-tipped; vertex rough-scaled, scales banded whitish 
and gray. Ocelli present. Antenna pale brown, banded with whitish and gray scales. Labial palpus 
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Figure 1. Male genitalia of Decodes helix, ventral aspect, valvae spread, aedeagus removed and 
shown in lateral aspect. 


moderately elongate, segment II ca. 0.9 X eye diameter, III ca. 0.6 X eye diameter. Thorax: Dorsal 
scaling concolorous with head; venter pale shining gray. Forewing: Gray with pale dusting; specimens 
uniform mouse gray with a tine, black line along the Cu crease (Fig. 3), or with black scaling forming 
one of several polymorphic forms; a) faint lines along veins; b) poorly defined, outwardly oblique, 
transverse lines in costal area, extending to define a submedian whitish band, narrow at costa broad¬ 
ened towards dorsal margin, and short longitudinal lines in termen (holotype, Fig. 4); c) black dorsal 
margin (Fig. 5); d) black smudge along Cu fold in cell (Fig. 6). Fringe pale gray. Hmdwing; Shining 
whitish gray; fringe whitish. Genitalia: As in Fig. 1 (drawn from JWB slides 780, 788, NAS Miramar; 
n = 7). Uncus, socius, and gnathos unmodified. Transtilla a complete band, only slightly dilated, 
rounded mesally. Valva elongate, attenuate apically. Sacculus well defined, extending slightly beyond 
valva as a short, free, narrow process. Aedeagus extremely elongate, strongly arched, slightly twisted 
distally. 

Female .—FW length 8.5-10.0 mm (,f = 9.1; n = 7); length 3.15-3.30 X width. The smaller sample 
of females (n — 11) does not show all the FW pattern variation of males. Genitalia: As in Fig. 2 
(drawn from JWB slide 727, NAS Miramar; n = 6). Sterigma a sclerotized band extending laterally, 
becoming an elongate funnel-shaped antrum. Posterior portion of IX sclerotization rectangular. Ductus 
bursae more elongate than any other known Decodes, coiled and sclerotized along margin. Corpus 
bursae round; signum long; base of ductus seminalis near junction of ductus bursae and corpus bursae. 

Diagnosis.—Decodes helix is most similar to D. aneuretus in host plant (feed¬ 
ing on Ericaceae), life cycle (spring feeding, winter-flying), and structures of the 
genitalia. It is distinguished from all other Decodes by characters of the male and 
female genitalia The most diagnostic character of the male genitalia is the long, 
slender, strongly curved aedeagus which is similar to that of D. aneuretus, but is 
comparatively longer and more arched. The length of the aedeagus from phallo- 
base to tip is approximately 1.25 times the length of the costa of the valva in D. 
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Figure 2. Female genitalia of Decodes helix, ventral aspect. 


aneuretus and greater than 1.5 times the length of the costa in D. helix. The most 
diagnostic character of the female genitalia is the long, coiled, sclerotized ductus 
bursae; no other species in the genus has a coiled ductus bursae. In general facies 
it is a nondescript, variable species, and no consistent, single feature reliably 
separates it from some of its congeners. Many of the specimens taken by black- 
light trap are too worn to assign to one of the characterized morphs; hence, no 
attempt is made to quantify their proportional occurrences. 

Distribution and Biology .—The new species is known from the northern Cal¬ 
ifornia Channel Islands, Santa Barbara County, coastal San Diego County, Cali¬ 
fornia, and the northwestern portion of the peninsula of Baja California, Mexico. 
Specimens have been collected inland to approximately 30 km (19 mi) from the 
coast at Silver wood Audubon Sanctuary in San Diego County. 
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Figures 3-6. Adult specimens of Decodes helix from Santa Rosa Island, California: Figure 3. 
paratype male, Cherry Cyn. (JAP 95D62); Figure 4. holotype male (JAP 95D93, slide JAP 7262); 
Figure 5. allotype female, same data as holotype; Figure 6. paratype female, same data as holotype 
(slide JAP 7259). 


NAS Miramar, which is located in south-central San Diego County, supports a 
heterogeneous mosaic of primarily drought-tolerant communities typical of coastal 
southern California, including chaparral, coastal sage scrub, grassland, and ripar¬ 
ian scrub. Of eleven blacklight sampling sites established on NAS Miramar, which 
encompasses ca. 75 km 2 , specimens of the new Decodes were collected at six. 

The flight period of D. helix ranges from November to late March, varying 
from year to year. For example, in winter 1995/1996 adults were captured from 
mid-January to late March; in winter 1996/1997 adults were captured from late 
November to early February. 

On Santa Rosa and Santa Cruz islands, larvae feed in the new foliage terminals 
of Arctostaphylos (Ericaceae) in April. Their shelters were not distinguished from 
those of Pseudochelaria scabrella (Busck) (Gelechiidae) and three species of 
Epinotia (Tortricidae: Eucosmini) at the same localities. Larvae leave the foliage 
to form tough silken cocoons in leaf litter, or in the soil, as is known for D. 
fragarianus (Busck) (Powell 1964). The only coastal manzanita in San Diego 
County, Arctostaphylos glandulosa Eastwood, is exceedingly rare at NAS Mira¬ 
mar. However, another ericaceous shrub, Xylococcus bicolor Nuttall, is widely 
distributed and may serve as the host plant for the Decodes there. 
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On NAS Miramar, Decodes helix is sympatric but almost entirely allochronic 
with two congeners, D. fragarianus and D. asapheus Powell. 
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Abstract .—The holotypes of two monobasic genera, Dolicholygus Bliven, 1957 and Xerolygus 
Bliven, 1957 were studied. As a consequence, Dolicholygus and Xerolygus are synonymised 
with Lygocoris (s. str.) Reuter 1875 and Stittocapsus Knight 1942 respectively, based on the 
following two proposed new synonymies: Lygocoris (s. str.) pabulinus (Linnaeus, 1761) = Dol¬ 
icholygus scrophulariae (Bliven, 1956) (new junior subjective synonym) and Stittocapsus fran- 
seriae Knight, 1942 = Xerolygus orocopiae Bliven, 1957 (new junior subjective synonym). 

Key Words. — Dolicholygus, Lygocoris, Stittocapsus, Xerolygus, new synonymies. 

Resume. —Les deux genres monospecifiques Dolicholygus Bliven, 1957 and Xerolygus Bliven, 
1957 furent etudies sur base de leurs holotypes. Deux nouvelles synonymies sont proposees: (1) 
Lygocoris (s. str.) pabulinus (Linnaeus, 1761) (nom valide) = Dolicholygus scrophulariae (Bli¬ 
ven, 1956) (nouveau synonyme subjectif junior), (2) Stittocapsus franseriae Knight, 1942 (nom 
valide) = Xerolygus orocopiae Bliven, 1957 (nouveau synonyme subjectif junior). 


Dolicholygus Bliven and Xerolygus Bliven have not received critical attention 
since Bliven’s (1957) original unreviewed descriptions (Henry & Wheeler 1988, 
Schuh 1995). In a continuing effort to clarify relationships of genera within the 
“Lygus complex” of the Mirinae (Schwartz & Kerzhner 1996, Schwartz & Foottit 
1998), we studied the type species of these two monobasic genera and discovered 
that they are both junior subjective synonyms of two common North American 
species. In this paper we document that D. scrophulariae Bliven is a junior syn¬ 
onym of Lygocoris pabulinus (L.) and that X. orocopiae Bliven is a junior syn¬ 
onym of Stittocapsus franseriae Knight. 

GENUS LYGOCORIS REUTER, 1875 

Lygocoris Reuter, 1875: 81. Type species: Cimex pabulinus Linnaeus, 1761. 
Dolicholygus Bliven, 1957: 1. Type species: Phytocoris scrophulariae Bliven, 
1956. NEW SYNONYM 

Lygocoris pabulinus (Linnaeus, 1761) 

Cimex pabulinus Linnaeus, 1761: 253. 

Lygocoris pabulinus: Reuter, 1875: 81. 

Phytocoris scrophulariae Bliven, 1956: 15. NEW SYNONYM 
Dolicholygus scrophulariae: Bliven, 1957: 1. 

Bliven (1956: 15) compared Phytocoris scrophulariae to P. nigripubescens 
Knight and P. vividus (Uhler), both junior synonyms of P. vanduzeei Reuter (cf. 
Stonedahl 1988: 132), and commented that within the genus, the shared green 
coloration of these taxa was “aberrant.” He also noted that unlike P. vanduzeei, 
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P. scrophulariae is more elongate and narrower, has a smaller head and eyes, 
wider vertex, only white, simple setae on the dorsum, and different male genitalia. 
Bliven erroneously considered that the long, hind femora of P. scophulariae, 
which surpasses the apex of the abdomen, were more typical of the genus Phy- 
tocoris than the shorter hind femora of P. vanduzeei. Stonedahl (1988), however, 
stated that the long, usually flattened femora, which reach beyond the apex of the 
abdomen, is a variable feature in Phytocoris. 

Bliven (1957: 1) erected the monobasic genus Dolicholygus to accommodate 
P. scrophulariae because it differed from Phytocoris in “the relatively shorter 
antennae and in certain other details of structure.” The dorsal habitus photograph 
and illustrations of the head, pronotum and parameres provided by Bliven (1956: 
25, fig. 6, 1957: 7 figs. 1, la-c) document that the type species is unlike any 
other species in the very large and variable genus Phytocoris. After examination 
of the holotype, it became obvious to us that the medially obsolete basal carina 
of the vertex, the simple, suberect dorsal setae, and the paramere structure (com¬ 
pare Bliven’s figures to Kelton’s (1971: 7, figs, la, b), Wagner’s (1970: 400, figs. 
287a, b), or to Clayton’s, (1982: 44, figs. 74, 83, 84)) of D. scrophulariae were 
identical with Lygocoris (s. str.) pabulinus (Linnaeus). All of the minute discrep¬ 
ancies between the illustrations (lateral dentition of the sensory lobe and narrow 
region between the arm and apex in the left paramere) can be attributed to the 
orientation of the parameres [parameres identical to those illustrated by Bliven 
were observed in L. pabulinus (see material examined below)]. Based on this 
discussion, D. scrophulariae (Bliven 1956) is now proposed as a new junior 
subjective synonym of L. (s. str.) pabulinus and Dolicholygus is placed in syn¬ 
onymy with Lygocoris. 

One can only speculate why Bliven was unfamiliar with the widely distributed, 
naturally Holarctic species, L. pabulinus (Wheeler & Henry 1992: 46). Kelton 
(1971) reported it present in the northern Sierra Nevada Mountains of California 
and central coastal Oregon. Even though, L. pabulinus occurs on a wide variety 
of herbaceous plants, shrubs and trees, Scrophularia californica Cham. & 
Schlecht. reported by Bliven (1956) for adults and immatures, is a new host for 
this plant bug. Including the new synonymy proposed herein there are 10 known 
junior synonyms of L. pabulinus (Schuh 1995). 

Material Examined.—Lygocoris pabulinus: USA. CALIFORNIA. HUMBOLDT Co.: Eureka, 14 
Sep [19]48, B. P. Bliven, (holotype male, “ Phytocoris scrophulariae B. P. Bliven 1956” [red label, 
type no. 13877], “Genus Dolicholygus Bliv. 1957”) (CAS). COLORADO. GILPIN Co.: Chambers 
Lake, Roosevelt National Forest, 11 Aug 1968, 2894 m (9200 ft), L. A. Kelton, ex Picea sp., 5 males, 
Canadian National Collection of Insects (CNC). GRAND Co.: Grand Lake Entrance, Rocky Mountain 
National Park, 18 Aug 1968, L. A. Kelton 26 males, 3 females (CNC). 

Phytocoris vanduzeei: USA. ARIZONA. PIMA Co.: Tucson, 19 Apr 1924, A. A. Nichol male 
paratype, P. nigripubescens Knight (CNC), female allotype (USNM). CALIFORNIA. SAN BERNAR¬ 
DINO Co.: Providence Mountains State Recreational Area, 1311m (4300 ft), 18 May 1982, M. D. 
Schwartz, ex Larrea divaricata 1 male (CNC). NEVADA. NYE Co.: Mercury, 5M, 10 Apr 1965, H. 
H. Knight & J. Merino (det P. vividus (Uhler) by H. H. Knight) 1 male (CNC). 

GENUS ST1TTOCAPSUS KNIGHT, 1942 

Stittocapsus Knight, 1942: 156. Type species: Stittocapsus franseriae Knight, 
1942. 
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Xerolygus Bliven, 1957: 2. Type species: Xerolygus orocopiae Bliven, 1957. 

NEW SYNONYM 

Stittocapsus franseriae Knight, 1942 

Stittocapsus franseriae Knight, 1942: 156. 

Xerolygus orocopiae Bliven, 1957: 2. NEW SYNONYM 

Bliven (1957: 2) erected the new genus Xerolygus to accommodate the type 
species, X. orocopiae Bliven, a species he remarked had resemblance to certain 
species of Pkytocoris. As noted by Bliven (1957), the diagnostic features of Xe¬ 
rolygus are secondary sexual dimorphism of the wings (female hemelytra bra- 
chypterous), sparsely pubescent, nearly glabrous, shining dorsum, vertex without 
a basal carina, long antennae and legs, sharply declivous pronotum, hind femora 
surpassing the apex of genital segment, and parameres. Some of these characters 
(e.g., the emarginated vertex and dorsal vestiture) are likely symplesiomorphic in 
the Mirini (or higher category). Two characteristics that Bliven noted were im¬ 
portant are the sulcate vertex and the deep division between frons and tylus. We 
find that the sulcus is imperceptible on the holotype, but the division between 
frons and tylus is remarkable. These characters correspond to those of Stittocapsus 
franseriae Knight. The parameres of X. orocopiae, as documented by Bliven 
(1957: 7, fig. 2 b,c), are identical to those of S. franseriae Knight (cf. Kelton 
1959: 61, fig. 30) as is the structure of the brachypterous female (a defining 
character of Stittocapsus (Knight 1942: 156)), making it clear that X. orocopiae 
Bliven is a junior subjective synonym of S. franseriae Knight, 1942 and that 
Xerolygus is a synonymy of Stittocapsus. 

Although Knight (1942: 156) suggested a relationship between his new genus 
and Adelp hoc oris Reuter, 1896, based on the following observations, Stittocapsus 
cannot be placed in a hypothesized Adelphocoris group of Mirini genera (Cherot, 
in preparation). Female Stittocapsus lack a wing membrane; the membrane is 
present in the Adelphocoris group. In Stittocapsus, antennal segments HI and IV 
are much narrower than segment II; segments III and IV are almost as thick as 
segment II in the Adelphocoris group. Stittocapsus lack the prominent spines on 
antennal segment I which are present in the Adelphocoris group. The pronotum 
of Stittocapsus lacks a pair of antero-lateral bristles which are present in the 
Adelphocoris group. The hind femora of Stittocapsus does not have a series of 
spines which are present in some genera of the Adelphocoris group. 

Assessing the affinity of Stittocapsus to other genera in the Mirini is beyond 
the scope of this paper, however Bliven’s (1957: 2) assertion that his new genus 
resembled Phytocoris has some merit. In Phytocoris, certain species have bra¬ 
chypterous females and the inflated frons as in Stittocapsus. Both genera have 
long, flattened and tapered hind femora, but the inflated lora, scale-like dorsal 
setae, and male genitalia of Phytocoris are not found in Stittocapsus. The male 
genitalia of Stittocapsus (cf. Kelton 1959: 61, fig. 30 for S. franseriae and Car¬ 
valho & Afonso 1977: 13, figs. 6-8 for S. mexicanus Carvalho) is most similar 
to that of the genus Irbisia, especially I. bliveni Schwartz (cf. Schwartz 1984: 
212, fig. 25, 214, fig. 48). Both genera have a sclerotized basal sclerite which 
projects dorsal to the secondary gonopore, terminates in a flattened minutely spi- 
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nose apex, and forms the back of the vesica. The left paramere of each genus is 
very similar in the sensory lobe, shaft and apex. 

Material Examined.—Stittocapsus franseriae Knight: USA, ARIZONA. YUMA Co.: Mohawk, 1 
Apr 1941, Lloyd L. Stitt, (female allotype) (USNM); same loc., 6 Apr 1937, ex reared from nymphs 
collected from F[ranseria ]. dumosa Gray, (4 male, 2 female paratypes) (CNC, USNM). CALIFOR¬ 
NIA. RIVERSIDE Co.: Desert Center, Lot 173, Sub 7, 12 Apr [19]39, B.R Bliven, (holotype male, 
“Xerolygus orocopiae B.R Bliven 1957” [red label, type no. 13866]) (CAS). 

Stittocapsus mexicanus Carvalho: MEXICO. BAJA CALIFORNIA. 38 km E of rt I to Parque San 
Pedro Martin, 400 m, 24 Apr 1985, R. T. Schuh & B. M. Massie, ex Viguiera lacinata A. Grey 
(Asteraceae) 1 male, 1 female (CNC). 
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A NEW GENUS AND SPECIES OF PUTATIVELY 
MYRMECOPHILOUS PTININE: COLEOAETHES 
TETRALOBUS (COLEOPTERA: ANOBIIDAE: PTININAE ) 1 

T. Keith Philips 

Department of Entomology, Museum of Biological Diversity, 

Ohio State University, 1315 Kinnear Rd., Columbus, OH 43212 

Abstract.—Coleoaethes tetralobus NEW GENUS, NEW SPECIES, from Panama, is described. 

It is the third myrmecophilous genus of ptinine known from the New World. It is characterized 
by four lobes near the elytral apices, each with patches of brush like setae or trichomes. The 
relationship of Coleoaethes tetralobus to other ptinines, its morphological features associated 
with myrmecophily, and the diversity and distribution of myrmecophilous ptinines are briefly 
discussed. 

Key Words. —Ptininae, Anobiidae, myrmecophily, spider beetle, Panama, trichomes. 


Myrmecophilous ptinines are some of the most unusual and bizarre appearing 
Coleoptera. The 43 described species exhibit highly modified anatomies including 
body protuberances and invaginations, trichomes, variously modified legs, anten¬ 
nae, and mouthparts. Of the eight genera of ant-associated ptinines, six are limited 
to the Old World: the relatively speciose groups Diplocotes Westwood, Polyplo- 
cotes Westwood, Ectrephes Pascoe, and Enasiba Olliff in Australia; the monotypic 
Myrmecoptinus Wasmannfrom Southeast Asia; and Diplocotidus Peringuey from 
South Africa (Lawrence & Reichardt 1969). The New World genera Gnostus 
Westwood and Fabrasia Martinez and Viana have three and four species respec¬ 
tively (Lawrence & Reichardt 1966, Philips 1997). 

Both New World genera are very structurally distinct. Fabrasia is characterized 
by a transverse row of large pores located at the middle of each elytron and 
trichomes situated on the apices of enlarged hind femora. Gnostus has trichomes 
situated near the pronotal base close to the lateral edge on posterior and anterior 
facing processes and three segmented antennae. Phylogenetic analysis (TKP, un¬ 
published data) has revealed a third New World lineage no less unique, which I 
take this opportunity to name. 

Coleoaethes Philips, NEW GENUS 

Type species.—Coleoaethes tetralobus Philips, NEW SPECIES 

Description .—Form elongate, convex; at midpoint in cross section ovoid, slightly broader than high; 
integument shining, with scattered erect, suberect, and recumbent setae not obscuring surface. Head 
strongly declined, visible from above including the short neck behind eyes; vertex slightly convex; 
clypeus and frons fused, strongly expanded anteriorly in front of eyes, in frontal view roughly trian¬ 
gular in shape, slightly emarginate at labral union; labrum small, in frontal view width about one- 
fourth the minimum width between eyes, anterior margin broadly rounded; laterally frons with broad 
shallow groove extending from between eye and ventral edge of antennal insertion to near dorsal 
mandibular insertion, gena expanded laterally, maximally at posterior margin of eye; maxillary, labial 
palp reduced in length, tip of apical maxillary palpomere truncate to slightly emarginate; mandible 
strongly curved externally, strongly concave on inner surface; mentum platelike, apex truncate, sep¬ 
arated from the remaining labial body, projecting ventrally, slightly anteriorly; antennae with 11 dis- 


1 Page charges partially offset by a grant from the C.P. Alexander fund. 
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tinctly moniliform antennomeres. Pronotum slightly transverse, constricted at anterior one-fourth, sides 
rounded, setal tufts weak or absent; scutellum large, broadly triangular, rounded at apex. Elytra about 
3.4 X as long as pronotum, each elytron slightly narrower than width of pronotum; elytra very slightly 
increasing in width to apical two-fifths, then tapering to apex, apices slightly, irregularly truncate, 
humeral angles pronounced, elytral base sinuate; an oblique carina from humeral angle to suture 
forming a distinct lobe near elytral apex, another larger lobe directly posterior to this and closer to 
elytral apex, both lobes with small patches of brush-like setae at or near apices; hind wings fully 
developed. Prosternum short in front of procoxae, prostcrnal process very short, barely extending 
between coxae and not extending ventrally; procoxae conical, strongly projecting, contiguous; pros- 
temal-pronotal suture indistinct; mesostemum subequal in length to prostemum, mesostemal process 
narrow, approximately one-eighth width of mesocoxa, extending posteriorly approximately one-half 
length of mesocoxa, mesocoxae about the same size as procoxae, not as strongly projecting; meso¬ 
stemal- mesepistemal suture distinct; metastemum nearly 2 X as long as mesostemum, 2 X as wide 
as long, sharply declivous at posterior margin between metacoxae, median dark line present indicating 
base of metepistemum but without an associated distinct sulcus; metacoxae separated at middle by a 
distance equal to about two-third length of first ventrite, transverse, broadly triangular, lateral edge 
contacting elytron, slightly concave distad of trochanter insertion. Abdomen length slightly longer than 
width, most strongly convex anteriorly, ventrites 4 and 5 flat at middle, ventrite 2 longer than 1 and 
3, 1 and 3 nearly equal, 4 greatly reduced, about one-half length of 3. Legs long, not clavate, widest 
at or before middle, tarsomere 1 on all legs about 2 X as long as 2; large spine on apex of mesotibia; 
tarsomeres 1-4 (on pro-, mesotarsi), tarsomeres 2-4 (on metatarsi) with dense short setae ventrally 
forming a pad. 

Diagnosis .—Superficially similar in dorsal habitus to Ptinus, this genus is rec¬ 
ognizable by each elytron with two expanded lobes near the apex, separated by 
a deep transverse cleft. The antennae are moniliform, especially the sixth through 
tenth antennomeres, and the fronto-clypeal region is protuberant. 

Etymology .—Derived from the greek words “coleo” (sheath) and “aethes” 
(unusual or strange) in reference to the unique modification of the elytra. 

Discussion.—Coleoaethes is one of the more basal taxa of ptinines. This genus 
shares with other bostrichoids a number of character states not found in most 
other ptinines (Philips unpublished), such as relatively parallel-sided, instead of 
clavate, femora. Coleoaethes also has contiguous and strongly projecting procox¬ 
ae, a reduced prostemal process with an unexpanded apex, an anteriorly truncate 
and non-grooved mentum, a distinct fronto-clypeal suture, and lacks a basal pro- 
notal constriction, as in non-ptinine Anobiidae (i.e., Anobiidae, sensu stricto). 

Coleoaethes tetralobus Philips, NEW SPECIES 

(Figures 1-4) 

Types .—Holotype male, PANAMA. PANAMA PROVINCE: Altos de Maje, 
Oct 6/15 1975, D. S. Chandler, beating; deposited: The Ohio State University 
Collection, Columbus. Paratype male, same data as holotype except beating in 
forest, deposited in the collection of the author. 

Description. — Male .—Length 2.37-2.57 mm (n = 2); integument light chestnut or red-brown, shin¬ 
ing, covered with short, yellow, mainly erect and recumbent scattered setae. Head covered with scat¬ 
tered erect and suberect setae of various lengths, the longest equal to width of one eye; texture on 
head finely granulate, coarser on vertex, less so on labrum; genae and vertex with small, scattered 
setose granulations; very slightly carinate above antennal insertions, carinae quickly becoming obsolete 
dorso-laterally; slight longitudinal depression at middle between tumid region posterior of antennal 
insertions, swelling not continuing posterior of hind margin of eye; interantennal space broadly round¬ 
ed, antennal fossae posteriorly at most only very slightly carinate; eye with margins slightly concave 
dorsally and ventrally, 13 ommatidia dorso-ventrally and nine anterio-posteriorly; antennae monili¬ 
form, especially antennomeres 6-10, apical antennomere about 1.5 X as long as 10, scape elongate 
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Figures 1-4. External morphology of Coleoaethes tetralobus. Figure 1. Dorsal habitus. Figure 2. 
Oblique view of elytral apices showing the location of the four apical lobes with trichomes. Figure 3. 
Lateral view. Figure 4. Front of head showing the expanded fronto-clypeal region and the strongly 
projected front coxae. 


oval. Pronotum covered with scattered recumbent or suberect setae of moderate length, each origi¬ 
nating from a small tubercle, setae forming a pattern similar to concentric rings dorso-laterally which, 
at most, form very weak setal tufts at the lateral declivity; surface between tubercles very finely 
granulate; strong narrow anterior constriction laterally at anterior one fourth. Elytral surface fairly 
smooth with broad, very shallow depressions or punctures, indicated by irregularly shaped but usually 
rounded translucent areas, these areas variable in both size and spacing but approximately aligned in 
longitudinal rows, although more numerous and irregular in shape laterally; translucent areas absent 
from near lateral edge which appears as a longitudinal opaque band about as wide or slightly narrower 
than antennomere width, and absent from apical lobes; humeral angles well pronounced, extending 
anteriorly beyond posterior margin of pronotum; large carina extending posteriorly obliquely from 
humeral angle to near elytral apex, becoming more pronounced posteriorly, at apical one-fifth curving 
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sharply toward elytral suture and forming posterior margin of anterior lobe, apex of lobe deeply, 
smoothly, transversely emarginate, upper margin gradually rounded and pointed, lower margin larger 
more broadly rounded, darker, with sharper edge, truncate when viewed from above; larger posterior 
lobe, opposite this bifurcate anterior lobe, originating from near elytral apex with posterior surface 
slightly concave, rising almost vertically and slightly anteriorly to a point below the anterior lobe, 
margin of posterior lobe truncate, sharp, discontinuous at lateral declivity with each end both narrowly 
overlapping and separate, inner surface concave; anterior lobe with long setae located on upper edge 
and within cavity created by emargination, lower edge with a narrow medial patch of short brush-like 
setae, posterior lobe with similar short setae arising between discontinuous margins, continuing laterad 
along anterior edge of lobe down through to base; cleft between anterior and posterior lobes deep, 
narrow near suture, more open laterally; long setal fringes located on elytral margin near suture; elytral 
setae of two main types: long erect setae roughly arranged in longitudinal rows between translucent 
spots on the elytra, each seta about as long as one of antennomeres 2-10, becoming shorter close to 
lateral margin; also sparsely covered with recumbent or depressed setae averaging one-third to one- 
half the length of erect setae and more randomly scattered. Ventral surface with scattered, fine, re¬ 
cumbent and appressed setae; metastemal surface slightly more granulate laterally, sternal and ventrite 
surface with fine scattered punctures; abdomen length about 1.15 times width, ventrite ratio (1-5): 23: 
25: 20: 9: 41. Legs with scattered erect, suberect and recumbent setae of various lengths; large, gently 
curved spine on apex of mesotibia, about equal to length of first tarsomere. Male genitalia with 
parameres and median lobe very elongate and narrow, median lobe slightly expanded near apex, 
parameres gradually tapering to apices, each apex with a small tuft of long setae (genitalia not dissected 
but partially visible). 

Female. —Unknown. 

Diagnosis. —This species is recognizable by the modified elytral apices with 
four expanded lobes near the suture. The anterior lobe on each elytron is trans¬ 
versely emarginate and consists of a small dorsal lobe with a patch of elongate 
setae and a larger, more sharp edged, ventral lobe with a small fringe of brush¬ 
like setae. Posterior to the anterior lobe and separated from it by a deep cleft is 
the posterior lobe which also has a brush-like fringe of setae. Also characteristic 
are the strongly moniliform antennae, especially on antennomeres six through ten, 
and the strongly inflated fronto-clypeal region. 

Distribution. —Known only from the type locality in Panama. 

Etymology. —The specific name is derived from the greek words “tetra” and 
“lobus,” in reference to the four elytral lobes (with trichomes) near the elytral 
apices. 

Discussion. —Trichomes (i.e., modified hairs associated with glands which pro¬ 
duce secretions attractive to ants) are known in many groups of Coleoptera, but 
their location on elytra are reported only in some clavigerine pselaphids, the 
aphodiine scarab genus Chaetopisthes (on the tips of the elytra), and the carabid 
genus Paussus (on the sides of the elytra) (Wilson 1971). This is the first example, 
in the myrmecophilous ptinines, of trichomes on the elytra. Other ptinines have 
trichomes positioned on either the pronotum or femora. The elytral trichomes on 
species of pselaphids ( Adranes taylori Wickham and Claviger testaceus Preyssler) 
have epidermal gland cells within the elytra (Cammaerts 1974, Hill et al. 1976) 
which probably “service” the setal tufts. Glandular cells within the elytra of C. 
tetralobus may have a similar function. 

In C. tetralobus, the lobes bearing the trichomes are in adjacent pairs on each 
elytron, with the anterior and posterior lobes narrowly separated and with their 
apices converging. Lawrence and Reichardt (1969) surmised that this lobe posi¬ 
tion and shape may be a way to collect a drop of glandular liquid. Another feature 
which may improve the fluid holding capacity in C. tetralobus is the concave 
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inner surface of the posterior lobe. Other glandular associated structures, such as 
elytral pores and antennal pilosity found in other myrmecophilous ptinines, are 
not present in C. tetralobus. 

One unusual feature in Coleoaethes is the plate-like mentum which is attached 
to the labium basally and projects anteriorly and distally. It may function to assist 
in protecting mouthparts. A similar ventral projection of the mentum can be seen 
in the ptinine Enasiba tristis Olliff, but the mentum in this species is not plate¬ 
like and is more robust. Coleoaethes tetralobus and some other myrmecophilous 
ptinines have an anteriorly expanded fronto-clypeus. The function of this pro- 
truberance is unknown but, similar to the mentum, this structure may have evolved 
to protect mouthparts. 

Nothing is known of the biology of C. tetralobus. Since other fully winged 
myrmecophilous ptinines are associated with arboreal ants in forests (such as 
Gnostus with Crematogaster and Fabrasia with Camponotus ), C. tetralobus may 
also have a similar association. 
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MELANOTUS CETE CANDEZE, A SECOND 
ADVENTITIOUS SPECIES OF MELANOTUS 
ESCHSCHOLTZ IN NORTH AMERICA I 
(COLEOPTERA: ELATERIDAE) 

Confirmed immigration and apparent establishment records for species of Ela- 
teridae are few. In North America only four species are confirmed as introduced, 
all originating in Europe. Three adventitious species of Agriotes Eschscholtz in 
Canada were reviewed by Becker (1956. Can. Entomol., 87 (Suppl. 1): 1-101), 
and Melanotus dichrous (Erichson) was reported by Becker (1973. Proc. Entomol. 
Soc. Wash., 75: 454-458) from Maryland. Here a fifth species, Melanotus cete 
Candeze, is reported from specimens collected in Portland, Oregon, and Vancou¬ 
ver, Washington. 

In 1995, Mr. Richard L. Westcott, Oregon Department of Agriculture, Salem, 
submitted for identification a single female specimen of an unusual Melanotus 
Eschscholtz. This specimen was recovered from a Lindgren funnel trap placed 
during a pine shoot beetle ( Tomicus piniperda (L.) (Scolytidae)) survey in the 
Sell wood District of southeastern Portland. I determined it to be in a group of 
species formerly placed in the subgenus Spheniscosomus Schwarz, perhaps M. 
cete Candeze. This tentative identification was confirmed by E. C. Becker, Ca¬ 
nadian National Collection, Ottawa. Two more specimens were received from Mr. 
Eric LaGasa, Washington Department of Agriculture, and Mr. J. R. LaBonte, 
Oregon Department of Agriculture, from baited Lindgren funnel traps set during 
pine shoot beetle surveys in western Washington and Oregon. I determined that 
one specimen from southwestern Vancouver was a male M. cete , and a second 
was a female from the Jantzen Beach District of Portland thus confirming the 
identity of the original female from Portland and the presence of this species in 
North America. Portland and Vancouver form an extended metropolitan area at 
the confluence of the Columbia and Willamette rivers, and both these and nearby 
cities have historically been major ports for goods sent to and from Japan. 

Only one other Melanotus species is known from western Oregon and Wash¬ 
ington, M. longulus oregonensis (LeConte) (Lane 1971. In M. H. Hatch, The 
Beetles of the Pacific Northwest, Vol. 5. University of Washington Press, Seattle), 
a native species usually found in ruderal and natural grassland and deciduous 
woodland ecotones. Melanotus cete is immediately recognizable from M. longulus 
oregonensis by external traits, including its robust body form, shining nigrous 
integument, antenna short and not reaching the basal margin of the pronotum, and 
coarse, deep punctures on the head and pronotum. In contrast, M. longulus ore¬ 
gonensis is relatively slender, has a subshining rufobrunneous to piceous integu¬ 
ment, the antenna reaches beyond the basal margin of the pronotum, and the head 
and pronotal punctures are relatively small and shallow. 

Melanotus cete is native through most of the central and southern portions of 
Japan, including the Ryukyu Islands. Ohira (1969. Trans. Shikoku Entomol. Soc., 
10: 41-48) and Kishii (1961. Bull. Heian High School, No. 5; 1987. A taxonomic 
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study of the Japanese Elateridae (Coleoptera), with the keys to the subfamilies, 
tribes and genera. Auth. Publ., Kyoto) provided the most recent morphological, 
distributional, and taxonomic information for this species in Spheniscosomus. Ac- 

A 

cording to Ohira [1962. Morphological and taxonomic study on the larvae of 
Elateridae in Japan (Coleoptera). Aichi Gakugei University, Okazaki City], the 

A 

larva of M. cete is edaphic. Ohira and Hakamura (1994. J. Hiba Soc. Nat. Hist., 
160: 11-20) noted that this is a common species in and around mixed forests. 
This note is the first report of this species outside of its native range. 

The recovery of a male and two females over a four-year period and upwards 
of approximately 20 km apart suggests the possibility of a naturalizing population. 
Any agricultural pest status of this species remains unproven. However, because 
the larvae of most species of Melanotus are predatory (unpubl. rearing studies), 
though many are facultatively phytophagous on sprouting seeds and growing roots 
of graminoids, the agronomic role of this introduced species will probably be 
minima] if any. Inferences on its ecological impact in natural and seminatural 
habitats remain for examination as no studies have been conducted on interspecific 
competition or replacement in Elateridae. 

Material examined. —OREGON. MULTNOMAH Co.: Portland-Sellwood, 13 
Jul 1993, PSB trap, Dan Hilbum, 1 female, deposited: Oregon Department of 
Agriculture; Portland, Jantzen Beach District, “Red Lion Inn”, 20 Jun 1997, J. 
R. LaBonte, ex Lindgren trap #51-08, a-pinene bait, 1 female; deposited: author’s 
collection. WASHINGTON. CLARK Co.: Vancouver, port area, 8-29 May 1996, 
Wash. Dept. Agric., 1 male; deposited: author’s collection. 
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Book Review 

Francis Seow-Choen. A guide to the Stick and Leaf Insects of Singapore. Sin¬ 
gapore Science Centre, Science Centre Road, Singapore 609081. 160 pp. ISBN 

981-00-8628-8. Price: S$5.15. 

The Malay Archipelago is one of the most interesting portions of the Old World 
tropics because of the great diversity of plants and animals which live there. One 
only has to look at the attractive pocket-sized book written by Dr. Seow-Choen 
to appreciate the beauty of one single group of insects that was once widespread 
in the area. Unfortunately, development due to population pressure and logging 
has lead to the destruction of forests and most natural habitats. Singapore was 
once rich in natural heritage but there are few areas of natural vegetation which 
remain. Stick and Leaf insects are now limited to a few parks and the botanical 
garden and residential gardens which provide a few of the native food plants and 
use no chemical sprays. Under these conditions it is surprising to discover that 
more than 40 species are represented. This is an incredible diversity and one 
wonders how many more may have occurred in the region prior to development. 

The book is tastefully presented illustrated in color with line drawings and 
excellent photographs. There is an introduction briefly discussing the attributes 
of an “insect” and phasmids or “stick insects” in particular and where they fit 
in the insect world. Physiology and anatomy are covered along with defence and 
reproduction. It is noted that phasmids are among the small number of insects 
capable of regenerating lost appendages if lost early in life. The new limbs appear 
in succeeding moults. Superb photographs emphasise the points the author makes. 
There are interesting discussions of local beliefs regarding phasmids and the way 
they can be kept as pets. Dr. Seow-Choen notes the widespread interest in stick 
insects as pets and their importance in teaching children respect for life and aware¬ 
ness of their natural heritage. 

Both Stick Insects and Leaf Insects are treated extensively with notes on dis¬ 
tribution, food plants and biological peculiarities. The Leaf Insects (Phylliidae) 
will prove of interest because many people have never even seen a photograph 
of these marvels of adaptation. Several species can be found in the Singapore 
region. 

The book concludes with a list of phasmid-oriented societies and a selected 
bibliography. 

It is interesting to note that the book is sponsored by BP as “BP’s commitment 
to the environment” The book is an example of one of BP’s “green programmes”. 
We can hope this does promote environmental awareness among Singaporeans. 
This book will appeal to amateurs and professionals alike and represents value- 
for-money. It should be available to fanciers who keep the insects as pets in distant 
comers of the globe. It is well written and contains factual information tastefully 
presented. I strongly recommend it as an important addition to any entomological 
library. 

D. C. F. Rentz, CSIRO Entomology, GPO Box 1700, Canberra, A.C.T., 2601, 
Australia. 
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MONITORING STATION FOR STUDYING POPULATIONS 
OF RETICULITERMES (ISOPTERA: RHINOTERMITIDAE) 

IN CALIFORNIA 

Vernard R. Lewis 1 , Michael I. Haverty 2 , Gail M. Getty 2 , 

Kirsten A. Copren 2 3 , and Calvin Fouche 4 

'Division of Insect Biology, Department of Environmental Science, Policy and 
Management, University of California, Berkeley, California 94720 
2 Pacific Southwest Research Station, Forest Service, USDA, P.O. Box 245, 

Berkeley, California 94701 

department of Entomology, University of California, Davis, California 95616 
4 University of California Cooperative Extension San Joaquin County, 420 S. 

Wilson Way, Stockton, California 95205. 

Abstract .—The first appearance of live termites or feeding damage in previously reported sub¬ 
terranean termite monitor designs occur within several months of installation and involves <15% 
of the total number of monitors. The ability of monitors to sustain subterranean termite foraging 
often is less than 50%. The design of the monitor used for this study, featuring above and below 
ground sections, sustained subterranean termite foraging for over 80% of monitors for both 
wildland and residential sites for at least 2 years. The monitor is robust and can accommodate 
seasonal fluctuation in termite foraging activity. The modifications of this monitor and possible 
underlying mechanisms for increased sustainability of termite foraging are compared to already 
described collecting devices utilizing wooden stakes, toilet paper, corrugated paper, and below¬ 
ground monitoring systems. 

Key Words —Insecta, termite monitoring, ground-based station, Isoptera, Rhinotermitidae, Retic- 
ulitermes, subterranean termite, bait stations 


Subterranean termites, are the most economically important of the 45 recog¬ 
nized termite species that occur in the United States (Su & Scheffrahn 1990). The 
damage and repair costs to structures attributed to subterranean termites are ex¬ 
tensive and exceed the total damage caused by fires, earthquakes, tornadoes, and 
all other natural disasters combined (Hedges 1992). In California, pest species in 
the genus Reticulitermes Holmgren are the most important termite pest of struc¬ 
tures (Weesner 1965, Ebeling 1975). 

Subterranean termites gather cellulose, in the form of wood, by sending workers 
foraging into the surrounding environment. Because the nests are primarily below 
ground, lines of workers must forage out via galleries and shelter tubes made of 
soil to sources of wood. There are many chemical cues from the environment and 
pheromone cues from the queen and other caste members involved in foraging 
behavior (Wilson 1971). However, studies on the natural foraging behavior of 
subterranean termites is complicated by their small size, cryptic nature, and eu- 
social behavior (Forschler & Townsend 1996). 

During the last twenty-five years, many studies have attempted to describe the 
population size, caste demographics, and foraging behavior for subterranean ter¬ 
mites. The earliest foraging behavior studies were of species in the genera Gna- 
thamitermes Light, Heterotermes Froggatt, and Reticulitermes Holmgren and used 
ground-based devices composed primarily of wood (stakes and blocks) or toilet 
paper rolls (Esenther & Gray 1968; La Fage et al. 1973; Tamashiro et al. 1973; 




122 


THE PAN-PACIFIC ENTOMOLOGIST 


Vol. 74(3) 


Beard 1974; Esenther & Beal 1974, 1978; Haverty et al. 1975, 1976; Esenther 
1980; French & Robinson 1980, 1981; Thompson 1985; Su & Scheffrahn 1986; 
Jones et al. 1987). Other innovations in ground-based device design included 
using corrugated paper (Esenther 1980, La Fage et al. 1983, French & Robinson 
1985, Grace 1989), below-ground conduit systems (French 1991a, b; Lenz & 
Creffield 1993), radioisotopes (Spragg & Paton 1980, Chen & Henderson 1994), 
hollow stakes (Ewart et al. 1992), and large-volume collection devices (Tamashiro 
et al. 1973, French & Robinson 1981, La Fage et al. 1983, Grace et al. 1995). 
Several of these ground-based monitoring devices are now commercially available 
for subterranean termite control using slow acting baits (Su et al. 1995a, Potter 
1997, Benson et al. 1997). Habitat sampling and exhaustive trapping also have 
been tried as means for estimating subterranean termite numbers (Haverty & Nut¬ 
ting 1975, Uekert et al. 1976, French & Robinson 1981, La Fage et al. 1983, 
Jones et al. 1987, Howard et al. 1982). 

The greatest proliferation of reports on subterranean termite population levels 
and foraging behavior is a result of the innovation of marking foraging termites 
to estimate their numbers using mark-recapture methods. The first markers used 
were the water soluble dye Fast Green (Fujii 1975) and the fat soluble dye Sudan 
Red 7B (Lai 1977, Lai et al 1983, Su et al. 1983) with Coptotennes fonnosanus 
Shiraki. Subsequent laboratory screening has identified several dozen potential 
dyes for marking species of Coptotermes Wasmann and Reticulitennes Holmgren 
(Grace & Abdallay 1989, 1990; Su et al. 1991; Oi & Su 1994). Fluorescent spray 
paint topically applied to foragers has also been used as a marker for determining 
foraging territories (Forschler 1994). Many studies have reported on colony size 
and foraging area using marked subterranean termite foragers; the objective for 
many of these studies has been the evaluation of commercial baits for control (Su 
& Scheffrahn 1988; Grace et al. 1989; Grace 1990; Jones 1990; Grace 1992; Su 
et al. 1993; Su 1994; Haagsma & Rust 1995; Su et al. 1995a,b; Forschler 1996; 
Forschler & Ryder 1996; Forschler & Townsend 1996; Grace et al. 1996; Pawson 
& Gold 1996; Somnuwat et al. 1996; Benson et al. 1997). 

There is considerable variance in reporting of subterranean termite population 
size and foraging territory. Much of the variance can be attributed to climatic 
conditions (Haagsma & Rust 1995, Forschler & Townsend 1996, Sornnuwat et 
al. 1996), habitat (Su et al. 1993, Haagsma & Rust 1995, Sornnuwat et al. 1996), 
geographic differences (Forschler & Townsend 1996), differences in monitoring 
technique (Forschler & Townsend 1996), and violation of assumptions when using 
mark-recapture methods (Thome et al. 1996, Forschler & Townsend 1996). The 
diversity of subterranean termite species vary in California (Haverty & Nelson 
1997) and other regions in the United States (Weesner 1970, Forschler & Town¬ 
send 1996) and also may contribute to variances reported in population estimates 
and foraging territories. 

The ability of monitoring devices to sustain subterranean termite numbers and 
activity is another source of variance to consider during foraging behavior studies 
and bait efficacy trials. There are few published studies that report the number of 
live subterranean termites or percentage of monitors containing live termites for 
ground-based devices, especially at monthly or more frequent intervals (Haagsma 
& Rust 1995, Forschler 1996). Paramount to understanding the natural foraging 
behavior or control attempts for subterranean termites is the ability of monitoring 
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stations to sustain subterranean termites long enough for mark-recapture estimates 
or baiting trials to take place. In this paper, we describe the results of a almost 
three-year study involving monthly visits to over 100 ground-base monitoring 
devices at two locations in Northern California. The ability of our monitor to 
contain and sustain live subterranean termites and feeding damage and compari¬ 
sons with already reported monitor designs will be discussed. 

Materials and Methods 

Field Sites. —We utilized one wildland and one residential location. The wild¬ 
land site was used to study Reticulitermes colonies in a “natural” setting without 
the interference of man-made structures. The residential site was used to develop 
an understanding of the ecology and behavior of Reticulitermes under urban con¬ 
ditions. Wildland studies were conducted in the Eddy Arboretum in the western 
portion of the Pacific Southwest Research Station’s Institute of Forest Genetics 
(IFG) near Placerville County, California. IFG is located between Placerville and 
Camino at an elevation of about 775m. Our site was approximately 4 hectares 
with a 50-year old plantation of mixed Pinus species. Trees were spaced at 4-m 
intervals and the canopy is partially closed. 

The residential location used was in Novato, Marin County north of San Fran¬ 
cisco. The site consisted of a single family dwelling (that serves as a church 
rectory), a small church, and extensive gardens, walks, and large trees on a one 
hectare lot. The rectory is heavily infested with Reticulitermes. No remedial con¬ 
trol with soil termiticides was initiated to terminate the attack on the structures 
during the course of the study. 

Site Preparations and Monitoring Stations. —Ponderosa pine {Pinus ponderosa 
Dougl. ex Laws.) sapwood stakes were driven into the soil in a 2 X 2-m grid at 
IFG (January 1993) or at 1-m intervals around structures at the residential site 
(March 1994) and checked four times from July 1993 to April 1996 for IFG for 
signs of termite activity (e.g., live termites and feeding damage). For the St. 
Francis Church site, stakes were checked twice from July 1994 to May 1995 for 
signs of termite activity. The number of termites observed at stakes for each 
inspection check was estimated using the following scale: 0 = no termites; 1 = 
1 to 20; 2 = 21 to 50; 3 = 51 to 100; 4 = 101 to 300; and 5 = over 300. Damage 
to stakes was also estimated and scaled: 0 = no damage; 1 = minor etching; 2 
= <10%; 3 = 11 to 24%; 4 = 25 to 50%; 5 > 50%. Stakes with live termites 
and a damage rating of at least 4 (25 to 50%) at the time of inspection had a 
monitoring station installed. Stakes were not removed when a monitor was in¬ 
stalled. 

The monitoring station design and installation is a modification of that used by 
Grace (1989), French (1991a), and Su and Scheffrahn (1986) and resembles the 
approach taken by Grace et al. (1995). The initial installation of monitoring sta¬ 
tions included coring a 15-cm diameter hole into the soil to a depth of ca. 40 cm, 
about 10 to 20 cm from stakes with live subterranean termites and feeding dam¬ 
age. Before placement of the monitoring station, the hole was filled with about 
10 to 20 liters of water to thoroughly wet the soil touching the monitoring station. 
Monitoring stations consisted of two 30-cm sections of 10-cm diameter ABS pipe 
adjoined with an ABS coupling, buried into the soil to a depth of about 30 cm 
with about 30 cm of the monitoring station above the soil, capped with a screw- 
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in lid, with a wood bundle placed inside (Fig. 1). In about 20% of the monitoring 
stations, the interior of the below-ground portion was filled with a 30-cm long 
roll of corrugated paper as well as lined with one thickness of corrugated paper 
(Fig. 1). The inner volume of the in-ground portion was filled with soil to ap¬ 
proximately the same level as outside the monitoring station. 

The aggregation and feeding substrate used during the study was a bundle of 
11 to 13 pieces of 30 X 3 X 1-cm, aged ponderosa pine cut on both ends and 
held together with rubber bands (Fig. 1), Wooden slats were aged by placement 
on the roof of one of the author’s home in Lafayette, CA, and exposed to ambient 
weather conditions for one year prior to usage. The wood bundles were thoroughly 
soaked in water 24 hours before being placed into the monitoring station. Bundles 
were inserted into the monitoring station with the cut end of all pieces of wood 
in contact with the soil. The monitoring station was then sealed with the screw- 
in cap. Sixty-five monitoring stations were initially installed at IFG (summer 
1993) (Fig. 2). Thirty-nine stations were installed at the Novato site in spring 
1994 and 1996 (Fig. 3). 

Station Visitation Rates and Data Recorded .—Once installed, each monitoring 
station was visited monthly, the wood bundle was removed, and replaced with 
another soaked bundle. Presence or absence of termites or termite activity (e.g., 
feeding damage and shelter tubes) was noted during each inspection visit. Those 
monitors with live termites present within wooden bundles during the time of 
inspection were reported as being “occupied.” All field-collected, wood bundles 
containing termites were placed in a plastic bag and removed from the site. All 
termites contained within the wood bundle were removed and the number of 
termites visually estimated. This estimation was a modification of Haverty et al. 
(1974) and utilized five size classes to describe the number of termites observed 
in each monitoring station: 0 = 0; 1 = 1 to 100; 2 = 101 to 300; 3 = 301 to 
1000; and 4 > 1000. To adjust for bias in visual estimates from field observers, 
the median value of each class (0, 0.5, 50, 150, 650.5, and 5000) was used as 
the estimated number of termites for each monitoring station. Hand counting of 
termites for some stations to check the accuracy of visual estimates exceeded 
10,000, thus the 5000 median value for the highest size class. The monthly es¬ 
timated number of termites for each monitoring station was the summation of the 
multiplied product of the station’s termite size class (e.g., 0 to 4) and median 
value (0, 0.5, 50, 150, 650.5, or 5000). The data reported in this paper are the 
monthly percentage of monitoring stations occupied with subterranean termites 
and estimated total number of termites across all stations for each site. The period 
of monthly inspections of monitors was January 1994 to December 1996 for 
wildland site (IFG) and July 1994 to December 1996 for the residential site (No¬ 
vato). 

Results and Discussion 

Few studies report the percentage of wooden stakes containing live subterra¬ 
nean termites or feeding damage. For south Florida, <7% of wooden stakes 
(groups of 100 or 200) were reported as infested with subterranean termites after 
several months in the ground (Su et al. 1993). In Australia, after 15 months in 
the ground, ~21 % (17 of 80) of wooden stakes were reported as attacked (e.g., 
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Figure 1. Cross-sectional schematic of ground-base monitor used for studying Reticulitenn.es for¬ 
aging behavior in a wildland situation at the Institute of Forest Genetics, Placerville, California, and 
around and near structures at St. Francis Church, Novato, California. 





Figure 2. Distribution of monitoring station at the Institute of Forest Genetics, Placerville, Cali¬ 
fornia. Monitor locations designated as (•) in the figure, wooden stake locations designated as (+). 


containing live termites, damage or both) by termites; 10% contained live termites 
(French & Robinson 1980). 

For the current study, after six months (January 1993 to July 1993) in the 
ground at IFG, 6.7% of stakes (212 of 3138) contained termites or were damaged. 
Of the total number of damaged stakes, 2.9% (92 of 3138) contained live termites. 



Figure 3. Distribution of monitoring stations at St. Francis Church, Novato, California. Monitor 
location designed as (•), wooden stake locations designated as (+). 
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After seventeen months (January 1993 to June 1994) in the ground at IFG, the 
percentage of wooden stakes containing live termites or damaged increased two¬ 
fold; 13.3% (417 of 3138). The percentage of stakes containing live termites after 
seventeen months increased slightly to 3.8% and remained at this level for an 
additional ten months (last stake inspection, April 1996). After four months in 
the ground at Novato, the percentage of wooden stakes containing live termites 
or damaged was 13% (29 of 223); double the rate of IFG and in a shorter time 
frame, less than four months. Shorter times for live termites first appearing on 
stakes have been reported, <2 months for south Florida (Thompson 1985). The 
percentage of stakes containing live termites for Novato was also slightly more 
than double that of IFG; 7.2% versus 2.9%, respectively. After about a year in 
the ground at Novato, the percentage of stakes containing live termites or feeding 
damage increased slightly, 17.1% (38 of 223). However, the percentage of stakes 
containing live termites at Novato after about one year almost doubled, 13.5% 
(30 of 223) and was more than three-fold greater than IFG even after three years. 
Lower percentages of stakes attacked by subterranean termites (C. formosanus ) 
for southern California have been reported; 3% (Rust et al. 1998). Variances in 
reporting of stakes containing live termites and feeding damage are often attrib¬ 
uted to habitat or geographical differences (Forschler & Townsend 1996). 

Higher percentages of live termites and feeding damage 96% have been re¬ 
ported for the Desert subterranean termite H. aureus when using toilet paper rolls 
(LaFage et al. 1973). However, toilet paper can rapidly disintegrate under warm 
and humid field conditions (Su & Scheffrahn 1986) and much effort is needed to 
separate termites from the rolls and soil contaminants (La Fage et al. 1983). 
Similarly, because of quick consumption, disintegration, and difficulty in extract¬ 
ing termites, the use of corrugated paper alone is considered unsuitable for most 
subterranean termite foraging studies (Su & Scheffrahn 1986). 

The first appearance of live termites and feeding damage in monitors after 
installation at our study sites was six months at IFG and five months at Novato. 
For IFG, within six months of installation, —20% of monitoring stations were 
occupied with subterranean termites (Fig. 4a). After six months of installation at 
Novato, the percentage of monitors occupied with live termites was 100% (Fig. 
4b). The drop in percentage of stations occupied by live subterranean termites for 
both IFG and Novato sites during late summer and winter months was followed 
by a resurgence of occupation of at least 90% the following spring and suggest 
seasonality in forager number and activity (Fig. 4a, b). Summing across all sta¬ 
tions, the total number of termites varied seasonally but at peak times approached 
40,000 for Novato and 200,000 for IFG (Fig. 5). Similar findings in seasonality 
of forager number and activity for Reticultermes in undisturbed and urban sites 
(Haagsma & Rust 1995) and for C. formosanus (Haagsma et al. 1995) in a res¬ 
idential site have been reported for southern California. Haagsma and Rust (1995) 
have reported that foraging activity at an undisturbed site was related to minimum 
temperatures and for an urban site, minimum temperatures and precipitation. 

The use of corrugated paper has been shown to hasten the construction of 
subterranean termite shelter tubes and incorporation of soil into the feeding sub¬ 
strate (Esenther 1980, La Fage et al. 1983). However, our results suggest that the 
use of corrugated paper below ground or none at all, did not influence the oc¬ 
currence of live termites or feeding damage in stations at either wildland or res- 
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Figure 4. Percentage of monitoring stations occupied by Reticulitermes for A) Institute of Forest 
Genetics (IFG), Placerville, California, and B) St. Francis Church, Novato, California. Being occupied 
is defined as those monitors containing live termites and feeding damage during the time of inspection. 
Monitors installed in summer 1993 for IFG and spring 1994 and 1996 for the Novato site. Monthly 
inspections of monitors from January 1994 to December 1996 for IFG and July 1994 to December 
1996 for the Novato site. 


idential sites. The addition of the wooden bundles to the monitors insured sus¬ 
tained termite foraging long after the corrugated paper had disintegrated or was 
consumed. 

After the monitoring stations were in place for eleven months, live subterranean 
termites and feeding damage for both sites exceeded 80% and remained at this 
high retention level through the remainder of the study; for IFG almost three 
years (Figs. 4a). This is the highest reported percentage of monitors with sustained 
live subterranean termites and feeding damage for wildland or residential habitats. 
Few comparable studies report the total number of monitors containing live ter- 
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St. Francis of Assisi 
IFG 


Figure 5. Monthly estimated total number of termites collected in monitoring stations at A) Insti¬ 
tute of Forest Genetics (IFG), Placerville, California, and B) St. Francis Church, Novato, California. 
Total number of monitors for IFG and Novato were 65 and 39, respectively. Monitors installed in 
summer 1993 for IFG and spring 1994 and 1996 for the Novato site. Monthly inspections of monitors 
from January 1994 to December 1996 for IFG and July 1994 to December 1996 for the Novato site. 


mites along with total number of monitors installed. Techniques used in monitor 
design and deployment also vary considerably among studies. Species differences 
in foraging behavior are also important (Haverty et al. 1976, French & Robinson 
1980, Thompson 1985). However, it appears that the percentage of monitors con¬ 
taining live subterranean termites and feeding damage under field conditions is 
less than 50% (Grace et al. 1989, Haagsma & Rust 1995, Somnuwat et al. 1996). 

Reporting of termite numbers in monitors vary considerably. Most of these 
differences are attributed to habitat (Su et al. 1993), geographical location (For- 
schler & Townsend 1996), and climate (Haagsma & Rust 1995). Differences 
among species also undoubtedly affect foraging behavior (Haverty et al. 1976). 
For our study, the estimated total termite number (product of termite number size 
scale and median value) for individual monitors ranged from 0 to 5000; some of 
our hand counting estimates for individual monitoring stations exceeded 10,000 
foragers (unpublished data). The number of termites collected from our monitor 
is comparable to reports from other large-volume traps which accommodate > 
5000 foragers (Tamashiro et al. 1973, Su & Scheffrahn 1986, Grace 1989, Grace 
et al. 1989, Haagsma & Rust 1995, Forschler & Townsend 1996, Somnuwat et 
al. 1996). Interestingly, all ground-base monitors harbor at least one or two orders 
of magnitude fewer termites compared to field-collected logs (Howard et al. 1982, 
Forschler & Townsend 1996). 

Our current monitor design sustains a constantly high level of termite activity 
even though disruptions occur from monthly monitoring and termite removal op¬ 
erations. The ability to collect large numbers of termites could be incorporated 
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into future field studies exploring caste proportions, colony biomass, wood con¬ 
sumption, and species determination using cuticular hydrocarbons. However, the 
monitor design and occupancy rates reported in this paper are probably more a 
function of seasonality of termite foraging and density at a particular field site. 
The initial prebaiting with wooden stakes before monitor installation also aided 
in the high percentage of monitors containing live termites and feeding damage. 
The principle advantage of our monitor design is sustaining relatively large num¬ 
bers of termites foragers over time, rather than in “speeding up” the rate of 
discovery and attack of wooden bundles in monitors. More importantly, if the 
mechanisms behind the high levels of sustainability were better understood (e.g., 
high humidity levels in trap, possible heat attraction for termite foragers) these 
factors might be used in future commercial designs. 

Acknowledgment 

We thank Jim Bean, Mechelle Cochron, Miguel Fernandez, Daniel Gaither, 
Peter Haverty, Salvador Garcia-Rubio, Miwako Takano, and Carnet Williams for 
assistance during site visits for collecting field samples and laboratory sorting and 
counting of termites; St. Francis of Assisi Church of Novato, CA, and the Institute 
of Forest Genetics for allowing us to conduct research on their properties and 
collect termites from their land; Calvin Fouche for building the initial monitoring 
device; and Dr. John French for consulting on monitor design. This work was 
supported, in part, by a grant from the California Structural Pest Control board 
and financial assistance from Dow AgroSciences. 

Literature Cited 

Beard, R. L. 1974. Termite biology and bait block method of control. Conn. Agric. Exp. Stn. Bull., 
748. 

Benson, E. R, J. K. Mauldin & E. S. Bordes. 1997. Evaluation of subterranean termite baiting strategies 
at urban sites with minimal soil access. Down to Earth, 52: 18-25. 

Chen, J. & G. Henderson. 1994. Marking Formosan subterranean termites, Coptotennes formosanus, 
with rubidium (Isoptera: Rhinotermitidae). Sociobiology, 23: 17-26. 

Ebeling, W. 1975. Urban Entomology. University of California Press, Berkeley, California. 

Esenther, G. R. 1980. Estimating the size of subterranean termite colonies by a release-recapture 
technique. International Research Group on Wood Preservation Document IRG/WP/1112. 
Esenther, G. R. & D. E. Grey. 1968. Subterranean termite studies in southern Ontario. Can. Entomol., 
100: 827-834. 

Esenther, G. R. & R. H. Beal. 1974. Attractant-mirex bait suppresses activity of Reticulitermes spp. 
J. Econ. Entomol., 67: 85-88. 

Esenther, G. R. & R. H. Beal. 1978. Insecticidal baits on field plots perimeters suppress Reticulitermes. 
J. Econ. Entomol., 71: 604-607. 

Ewart, D. McG., J. K. Grace, R. T. Yamamoto & M. Tamashiro. 1992. Hollow stakes for detecting 
subterranean termites (Isoptera: Rhinotermitidae). Sociobiology, 20: 17-22. 

Forschler, B. T. 1994. Fluorescent spray paint as a topical marker on subterranean termites (Isoptera: 
Rhinotermitidae), Sociobiology, 24: 27-38. 

Forschler, B. T. 1996. Baiting Reticulitermes (Isoptera: Rhinotermitidae) field colonies with abamectin 
and zinc borate-treated cellulose in Georgia. Sociobiology, 28: 459-484. 

Forschler, B. T. & J. C. Ryder, Jr. 1996. Subterranean termite, Reticulitermes spp. (Isoptera: Rhino¬ 
termitidae), colony response to baiting with hexaflumuron using a prototype commercial termite 
baiting system. J. Entomol. Sci., 31: 143-151. 

Forschler, B. T. & M. L. Townsend. 1996. Mark-release-recapture estimates of Reticulitermes spp. 
(Isoptera: Rhinotermitidae) colony foraging populations from Georgia, U.S.A. Environ. Ento¬ 
mol., 25: 952-962. 



1998 


LEWIS ET AL.: RETICULITERMES MONITORING STATION 


131 


French, J. R. J. 1991a. Baits and foraging behavior of Australian species of Coptotermes. Sociobiology, 
19: 171-186. 

French, J. R. J. 1991b. Baiting techniques for control of Coptotermes species within existing buildings, 
pp. 46-50. In Haverty, M. I. & W. W. Wilcox (tech, coords.). Proc. of the Symposium on 
Current Research on Wood-Destroying Organisms and Future Prospects for Protecting Wood 
in Use. USDA Forest Service Gen. Tech. Rep. PSW-128. 

French, J. R. J. & P. J. Robinson. 1980. Field baiting of some Australian subterranean termites. Z. 
Angew., Entomol., 90: 444-449. 

French, J. R. J. & P. J. Robinson. 1981. Baits for aggregating large numbers of subterranean termites. 
J. Aust. Entomol. Soc., 20: 75-76. 

French, J. R. J. & P. J. Robinson. 1985. A technique used on mounds of Coptotermes lacteus to screen 
potential bait substrates. J. Aust. Ent. Soc., 24: 111-112. 

Fujii, J. K. 1975. Effects of an entomogenous nematode, Neoplectana carpocapsae Weiser, on the 
Formosan subterranean termite, Coptotermes formosanus Shiraki, with ecological and biological 
studies on C. formoscmus. Ph.D. Dissertation University of Hawaii, Honolulu, Hawaii. 

Grace, J. K. 1989. A modified trap technique for monitoring Reticulitermes subterranean termite 
populations (Isoptera: Rhinotermitidae). Pan-Pac. Entomol., 65: 381-384. 

Grace, J. K. 1990. Mark-recapture studies with Reticulitermes flavipes (Isoptera: Rhinotermitidae). 
Sociobiology, 16: 297-303. 

Grace, J. K. 1992. Termite distribution, colony size, and potential for damage, pp. 67-76. In Robinson, 
W. H. (ed.). Proc. National Conference on Urban Entomology, 23-26 Feb. 1992, College Park, 
Maryland. 

Grace, J. K. & A. Abdallay. 1989. Evaluation of the dye marker Sudan Red 7B with Reticulitermes 
flavipes (Isoptera: Rhinotermitidae). Sociobiology, 15: 71-77. 

Grace, J. K. & A. Abdallay. 1990. A short-term dye for marking eastern subterranean termites {Re¬ 
ticulitermes flavipes Koll.) (Isoptera, Rhinotermitidae). J. Appl. Ent., 109: 71-75. 

Grace, J. K., A. Abdallay & K. R Farr. 1989. Eastern subterranean termite (Isoptera: Rhinotermitidae) 
foraging territories and populations in Toronto. Can. Entomol., 121: 551-556. 

Grace, J. K., J. R. Yates III & C. H. M. Tome. 1995. Modification of a commercial bait station to 
collect large numbers of subterranean termites (Isoptera: Rhinotermitidae). Sociobiology, 26: 
259-268. 

Grace, J. K., C. H. M. Tome, T. G. Shelton, R. J. Oshiro & J. R. Yates III. 1996. Baiting studies and 
considerations with Coptotermes formosanus (Isoptera: Rhinotermitidae) in Hawaii. Sociobiol¬ 
ogy, 28: 511-520. 

Haagsma, K. A. & M. K. Rust. 1995. Colony size estimates, foraging trends, and physiological 
characteristics of the western subterranean termite (Isoptera: Rhinotermitidae). Environ. Ento¬ 
mol., 24: 1520-1528. 

Haagsma, K., M. K. Rust, D. A. Reierson, T. H. Atkinson & D. Kellum. 1995. Formosan subterranean 
termite established in California. California Agriculture, 49: 30-33. 

Haverty, M. I. & W. L. Nutting. 1975. Density, dispersion, and composition of desert termite foraging 
populations and their relationship to superficial dead wood. Environ. Entomol., 4: 480-486. 

Haverty, M. I. & L. J. Nelson. 1997. Cuticular hydrocarbons of Reticulitermes from California: indi¬ 
cations of additional species. Comp. Biochem. Physiol., 118B: 869-880. 

Haverty, M. I., J. P LaFage & W. L. Nutting. 1974. Seasonal activity and environmental control of 
foraging of the subterranean termite, Heterotermes aureus (Snyder), in a desert grassland. Life 
Science, 15: 1091-1101. 

Haverty, M. I., W. L. Nutting & J. P. La Fage. 1975. Density of colonies and spatial distribution of 
foraging territories of the desert subterranean termite, Heterotermes aureus (Snyder). Environ. 
Entomol., 4: 105-109. 

Haverty, M. I., W. L. Nutting & J. P. La Fage. 1976. A comparison of two techniques for determining 
abundance of subterranean termites in an Arizona desert grassland. Insectes Soc., 23: 175-178. 

Hedges, S. 1992. Termite inspections. Pest Control Tech., 20: 30-33. 

Howard, R. W., S. C. .Tones, J. K. Mauldin & R. H. Beal. 1982. Abundance, distribution, and colony 
size estimates for Reticulitermes spp. (Isoptera: Rhinotermitidae) in southern Mississippi. En¬ 
viron. Entomol., 11: 1290-1293. 

Jones, S. C. 1990. Delineation of Heterotermes aureus (Isoptera: Rhinotermitidae) foraging territories 
in a Sonoran desert grassland. Environ. Entomol., 19: 1047-1054. 




132 


THE PAN-PACIFIC ENTOMOLOGIST 


Vol. 74(3) 


Jones, S. C., M. W. Trosset & W. L. Nutting. 1987. Biotic and abiotic influences on foraging of 
Heterotermes aureus (Snyder) (Isoptera: Rhinotermitidae). Environ. Entomol., 16: 791-795. 

La Fage, J. P., W. L. Nutting & M. I. Haverty. 1973. Desert subterranean termites: A method for 
studying foraging behavior. Environ. Entomol., 2: 954-956. 

La Fage, J. P., N.-Y. Su, M. J. Jones & G. R. Esenther. 1983. A rapid method for collecting large 
numbers of subterranean termites from wood. Sociobiology, 7: 305-309. 

Lai, P. Y. 1977. Biology and ecology of the Formosan subterranean termite, Coptotermes formosanus, 
and its susceptibility to the entomogenous fungi, Beauveria bassiana and Metarrhizium ani- 
sopliae. Ph.D. Dissertation Uniyersity of Hawaii, Honolulu, Hawaii. 

Lai, P. Y., M. Tamashiro, J. K. Fujii, J. R. Yates & N.-Y. Su. 1983. Sudan Red 7B, a dye marker for 
Coptotermes formosanus. Proc. Hawaii. Entomol. Soc., 24: 277-282. 

Lenz, M. & J. W. Creffield. 1993. A below-ground exposure method for determining the resistance 
of woody and non-woody materials to attack by subterranean termites. International Research 
Group on Wood Preservation Document IRG/WP/93-10012. 

Oi, F. M. & N.-Y. Su. 1994. Stains tested for marking Reticulitermes fiavipes and R. virginicus (Isop¬ 
tera: Rhinotermitidae). Sociobiology, 24: 241-268. 

Pawson, B. M. & R. E. Gold. 1996. Evaluation of baits for termites (Isoptera: Rhinotermitidae) in 
Texas. Sociobiology, 28: 485-510. 

Potter, M. F. 1997. Termite baits: status report. Pest Control Tech., 25: 24-26,28,30,35-37,97,105- 
106,110. 

Rust, M. K., D. A. Reierson, E. O. Paine, D. Kellum & K. Haagsma. 1998. Ravenous Formosan 
subterranean termites persist in California. California Agriculture, 52: 34-37. 

Sornnuwat, Y., K. Tsunoda, T. Yoshimura, M. Takahashi & C. Vongkaluang. 1996. Foraging popula¬ 
tions of Coptotermes gestroi (Isoptera: Rhinotermitidae) in an urban area. J. Econ. Entomol., 
89: 1485-1490. 

Spragg, W. T. & R. Paton. 1980. Tracing, trophallaxis and population measurement of colonies of 
subterranean termites (Isoptera) using a radioactive tracer. Ann. Entomol. Soc. Am., 73: 708- 
714. 

Su, N.-Y. 1994. Field evaluation of a hexaflumuron bait for population suppression of subterranean 
termites (Isoptera: Rhinotermitidae). J. Econ. Entomol., 87: 389-397. 

Su, N.-Y. & R. H. Scheffrahn. 1986. A method to access, trap, and monitor field populations of the 
Formosan subterranean termite (Isoptera: Rhinotermitidae) in the urban environment. Socio¬ 
biology, 12: 299-304. 

Su, N.-Y. & R. H. Scheffrahn. 1988. Foraging population and territory of the Formosan subterranean 
termite (Isoptera: Rhinotermitidae) in an urban environment. Sociobiology, 14: 353-359. 

Su, N.-Y. & R. H. Scheffrahn. 1990. Economically important termites in the United States and their 
control. Sociobiology, 17: 77-94. 

Su, N.-Y., M. Tamashiro, J. Yates, P.-Y. Lai & M. I. Haverty. 1983. A dye, Sudan Red 7B, as a 
marking material for foraging studies with the Formosan subterranean termite. Sociobiology, 
8:91-97. 

Su, N.-Y., P. M. Ban & R. H. Scheffrahn. 1991. Evaluation of dye markers for populations studies of 
the eastern and Formosan subterranean termites (Isoptera: Rhinotermitidae). Sociobiology, 19: 
349-362. 

Su, N.-Y., P. M. Ban & R. H. Scheffrahn. 1993. Foraging populations and territories of the eastern 
subterranean termite (Isoptera: Rhinotermitidae) in southeastern Florida. Environ. Entomol., 22: 
1113-1117. 

Su, N.-Y., E. M. Thoms, P. M. Ban & R. H. Schreffrahn. 1995a. Monitoring/baiting station to detect 
and eliminate foraging populations of subterranean termites (Isoptera: Rhinotermitidae) near 
structures. J. Econ. Entomol., 88: 932-936. 

Su, N.-Y., R. H. Scheffrahn & P. M. Ban. 1995b. Effects of sulfluramid-treated bait blocks on field 
colonies of the Formosan subterranean termite (Isoptera: Rhinotermitidae). J. Econ. Entomol., 
88: 1343-1348. 

Tamashiro, M., J. K. Fujii & P. Y. Lai. 1973. A simple method to observe, trap and prepare large 
numbers of subterranean termites for laboratory and field experiments. Environ. Entomol., 2: 
721-722. 

Thompson, C. R. 1985. Bait stake detection of the Formosan termite in south Florida. Fla. Entomol., 
68: 641-645. 



1998 


LEWIS ET AL.: RETICULITERMES MONITORING STATION 


133 


Thorne, B. L., E. Russek-Cohen, B. T. Forschler, N. L. Breisch & J. F. A. Traniello. 1996. Evaluation 
of mark-release-recapture methods for estimating forager population size of subterranean termite 
(Isoptera: Rhinotermitidae) colonies. Environ. Entomol., 25: 938-951. 

Uekert, D. N., M. C. Bodine & B. M. Spears. 1976. Population density and biomass of the desert 
termite Gnathamitermes tubiformans (Isoptera: Termitidae) in a short-grass prairie: Relationship 
to temperature and moisture. Ecology, 57: 1273-1280. 

Weesner, F. M. 1965. The Termites of the United States: a Handbook. The National Pest Control 
Association, Elizabeth, New Jersey. 

Weesner, F. M. 1970. Termites of the Neartic Region. Pp. 477-525. F. M. Weesner & Krishna (eds.). 
In Biology of Termites, Vol. I Academic Press, New York and London. 

Wilson, E. O. 1971. The Insect Societies. Belknap Press, Cambridge, Massachussetts. 

Received 5 Mar 1998; Accepted 3 Jun 1998. 








PAN-PACIFIC ENTOMOLOGIST 
74(3): 134-139, (1998) 


FAUNA ASSOCIATED WITH IN-GROUND 
SUBTERRANEAN TERMITE MONITORING AND BAIT 
STATIONS IN SOUTHERN CALIFORNIA 

Hanif Gulmahamad 1 
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Abstract .—The invertebrate associates of outdoor, in-ground subterranean termite monitoring and 
bait stations are reported from two locations in southern California. The potential negative impact 
on baiting by Argentine ants, earthworms, and millipedes are discussed. Problems with Argentine 
ant abatement within subterranean termite baiting arenas are examined. 

Key Words. —Insecta, Isoptera, subterranean termite, non-target invertebrates, In-ground moni¬ 
toring and bait stations, Argentine ants. 


Applications of liquid termiticides to soil have been the standard method of 
subterranean termite control in the United States for over 40 years. Initially chlo¬ 
rinated hydrocarbon termiticides were used. In the late 1980s these were replaced 
with organophosphate and pyrethroid insecticides. A number of factors including 
lack of soil persistence for at least one organophosphate (Gold et al. 1994), cus¬ 
tomer dissatisfaction and fears about pesticide use in and around residences and 
workplaces, and increased ineffectiveness of soil applied termiticides have created 
a market for baits to control subterranean termites (unpublished data). 

The concept of using baits to control subterranean termites has been researched 
for many decades (Su 1993). Randall & Doody (1934) demonstrated that termite 
colonies could be suppressed by injecting slow-acting arsenic dusts into their 
galleries which were spread throughout the colony by social grooming. Research 
in the 1970s showed that Mirex treated wooden blocks suppressed field popula¬ 
tions of Reticulitermes spp. (Beard 1974, Esenther & Beal 1974, 1978). Natural 
populations of subterranean termites were also suppressed when a Mirex paste 
bait was injected into infested galleries (Gao et al. 1985). The availability of novel 
chemistries with unique modes of action in the 1980s and 1990s permitted current 
investigators to take the concept of baiting for subterranean termite control to the 
next level (Haverty & Howard 1979; Jones 1984, 1989; Su & Scheffrahn 1993; 
Su 1994; Su et al. 1995; Pawson & Gold 1996; Su & Scheffrahn 1996). 

The first subterranean termite bait to obtain registration for use in California 
was an in-ground delivery system, the Sentricon Colony Elimination System 
(Dow AgroSciences, Indianapolis, Indiana). For pictorial presentations and other 
details pertaining to this system, refer to Fehrenbach (1994) and Dow Agro- 
Sciences (1996). This control strategy entailed placing a station in the soil which 
initially held wooden monitoring devices. When termites discovered and began 
feeding on the monitoring devices they were captured and transferred into a Bai- 
tube® (Dow AgroSciences, Indianapolis, Indiana) which contained Recruit II® 
(Dow AgroSciences, Indianapolis, Indiana) termite bait (0.5% hexafluinuron, a 
chitin synthesis inhibitor). The Baitube® containing the captured termites was then 
placed in the in-ground station. It was assumed that the toxicant would be dis- 

1 Page charges partially offset by a grant from the C. P. Alexander Fund. 
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tributed throughout the colony by trophallaxis eventually bringing about its de¬ 
mise (Esenther & Gray 1968, Haverty & Howard 1979, Su 1994). 

During inspections a variety of animals are frequently found within in-ground 
subterranean termite monitoring and bait stations. However, no field data are avail¬ 
able on the composition of the invertebrate fauna of in-ground termite stations 
and their possible negative effects on termite baiting. The manufacturer’s reference 
manual (Dow AgroSciences 1996) refers to slugs and insects such as ants and 
cockroaches present in stations as creating “conditions NOT conducive to ter¬ 
mites.” It also described actions to take to remediate invasions by these animals 
into stations. 

This paper presents data on the fauna found within in-ground subterranean 
termite monitoring and bait stations from two locations in southern California. 

Materials and Methods 

On 5 Dec 1995, 58 Sentricon® (Dow AgroSciences, Indianapolis, Indiana.) 
subterranean termite monitoring stations were installed on a residential property 
in south Ontario, San Bernardino County, California. These stations were inspect¬ 
ed each month from Jan 1996 through Dec 1997. During the inspections, each 
stations was opened and visually inspected. The monitoring stakes were then 
extracted and quickly placed in a clean food storage tray measuring 30 X 20 X 
5 cm. They were then carefully disassembled and examined using an OptiVisor 
optical glass binocular magnifier (Donegan Optical Company, Kansas City, Mis¬ 
souri). Animal species present, which could be identified in the field, were counted 
and recorded. Specimens needing laboratory identification were removed with 
forceps or a small camel hah* brush, placed in vials containing 70% alcohol and 
subsequently identified using a microscope. 

When a Baitube® was present in a station, it was carefully extracted and quickly 
placed in a clean food storage tray as described above for the monitoring stakes. 
The tube was uncapped and visually inspected. Animal specimens visible on top 
of the bait matrix within the tube were identified and recorded. The Baitube® was 
then turned upside down and the laminated textured cellulose (LTC) bait matrix 
(Dow AgroSciences, Indianapolis, Indiana) was gently tapped out into the food 
storage tray. Using chemical resistant nitrile gloves, the bait matrix was unfolded, 
and all animal species located within it were counted, identified, and recorded. In 
opening the bait matrices observations were made regarding scarification and 
damage to the matrices caused by animals found within them. Subterranean ter¬ 
mite activity in bait matrices is always characterized by the presence of fecal 
spotting and soil. Thus it is relatively easy to distinguish subterranean termite 
activity in bait matrices from that caused by other non-target organisms which 
were present within them. 

Additional field data were obtained from inspections made on 500 Sentricon® 
in-ground subterranean termite monitoring and bait stations which were installed 
on a large apartment complex on Feldner Road, the City of Orange, Orange 
County, California in Oct 1996. There are two large structures at this location 
which are separated from each other by an asphalt driveway. Each building en¬ 
circles a courtyard in its center. When the monitoring stations were originally 
installed at this location they were numbered in a sequential manner from one to 
500 and their locations were noted on a graphical illustration of the property. 
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Table 1. Fauna recorded from outdoor in-ground subterranean termite monitoring and bait stations 
on southern California. 


Genera/Species Common names 


Helodrilus sp. 

Helix aspersa (Muller) 

Agriolimax sp., Umax sp., Milax sp. 
Bipalium kewensis Moseley 
Beuthobius arizonicus Chamberlin 
Juhis hespenis Chamberlin 
Armadillidium vulgare Latreille 
Porcellio laevis Koch 
Porcellio scaber (Latreille) 

Talitroides sylvaticus (Haswell) 
Latrodectus hesperus Chamberlin & Ivie 
Entomobrya sp., Isotoma sp. 

Fotficula auricularia L. 

Euborellia annulipes (Lucas) 

Conoderus spp. 

Gryllus assimilis (F.) 

Blattci orientalis L. 

Peridroma saucia (Hubner) 

Line pit hema humile (Mayr) 
Pogonomyrmex californicus Buckley 
Solenopsis xyloni Me Cook 
Paratrechina vmdula (Nylander’) 
Hypoponera sp. 


Earthworm 
European brown snail 
Slugs 

Arrow-headed flatworm 

Centipede 

Millipede 

Pillbug 

Sowbug 

Sowbug 

House hopper (Amphipod) 
Western black widow spider 
Springtails (Collembolans) 
European earwig 
Ring-legged earwig 
Wireworms (Elaterids) 

Field cricket 
Oriental cockroach 
Variegated cutworm 
Argentine ant 
California harvester ant 
Southern fire ant 
An ant (no common name) 
An ant (no common name) 


Four visits were made to the Feldner Road site during 1997. During these visits 
every fifth station (n = 100) was inspected as outlined above for the Ontario site. 
In addition to these four visits, two other visits were made to this location. On 
23 Oct 1997, 250 stations around one structure at the Feldner Road site were 
inspected and on 24 Nov 1997, the remaining 250 stations around the second 
structure were checked. This was done so that data could be obtained from all 
the stations at this location at least once during 1997. 

Results and Discussion 

Table 1 shows a list of invertebrates encountered within outdoor in-ground 
subterranean termite monitoring and bait stations at two locations in southern 
California. A variety of invertebrates used these stations and their contents as a 
source of food, harborage, and nesting sites. The presence of most of these in¬ 
vertebrates within the stations does not seem to interfere with the foraging and 
feeding activities of subterranean termites. A few species may be detrimental 
because they appear to interfere with the baiting process. The deleterious effects 
engendered by species exhibiting the most negative impact are discussed below. 

Ants .—Five species of ants were found within in-ground subterranean termite 
monitoring and bait stations at the two locations studied (Table 1). It can be 
anticipated that in other geographic areas, different ant species are likely to be 
found in these stations. Of the five ants recorded, the Argentine ant, Line pit hema 
humile (Mayr), was the most pervasive, pernicious, and ubiquitous species found 
harboring and/or nesting within in-ground subterranean termite monitoring and 
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bait stations. Depending on the time of year inspections were made, Argentine 
ant infestations in stations range from 11% to 46% of stations inspected during 
the course of this study. At another subterranean termite monitoring/baiting site 
on a residential property in Santa Ana, Orange County, California, seven of 27 
stations (26%) became infested with Argentine ants within three months after 
installation. Based on two years of experiences at fifteen different sites in three 
counties in southern California, it would appear that the extent of Argentine ant 
infestations within in-ground subterranean termite stations are influenced by geo¬ 
graphic location, time of year, availability of moisture, presence of vegetation 
supporting honeydew-secreting Homopterous insects, extent of irrigation, and 
thoroughness of pest control practices being carried out on a property (unpub¬ 
lished data). 

Ants are universal predators of termites (Wilson 1971, Holldobler & Wilson 
1990). They have been described as the most active and effective enemies of 
termites (Hegh 1922). Argentine ants are aggressive, opportunistic predators of 
subterranean termites and once they occupy a termite station the termites usually 
abandon it. In two years of field work with in-ground subterranean termite mon¬ 
itoring and bait stations in southern California, I have never found a station si¬ 
multaneously occupied by the western subterranean termite, Reticulitermes hes- 
perus Banks and Argentine ants. 

The activities of Argentine ants in outdoor in-ground subterranean termite mon¬ 
itoring and bait stations can deter termite foraging and also cause termites already 
present in a station to leave. This can be a challenge to successfully using in- 
ground bait stations for subterranean termite control. 

Seeking out and destroying Argentine ant nests with appropriate insecticides in 
and around a subterranean termite baiting arena will help to mitigate this problem. 
However, the Argentine ant is an opportunistic, nomadic, fugitive species and 
reinvasion of unoccupied habitats will rapidly reoccur particularly during periods 
of high ant activity. Argentine ant control within subterranean termite baiting 
arenas will have to be an on-going, vigilant process. Diligent Argentine ant control 
programs is structural environments within subterranean termite baiting arenas are 
going to be costly and laborious. Thus, ant control within a baiting arena should 
be executed by the same pest management company which is also performing the 
termite baiting program. Having a vested interest in the success of the termite 
baiting program may encourage a pest control company to expend the necessary 
effort to control Argentine ants and thus keep them out of the stations. 

Earthworms. —A new bait matrix, reported as being laminated textured cellu¬ 
lose (LTC), and sometimes referred to as “white paper toweling” (Potter 1997) 
is currently being used in the Sentricon® colony elimination system. Although 
this matrix is more palatable to subterranean termites than the previous wood 
flour matrix, it is also palatable to earthworms. I found earthworms in 1% of the 
bait matrices feeding on and tunneling within them. Earthworm activity, including 
feeding, tunneling, and the creation of castings in the bait matrix, hastens its 
decomposition and degradation. 

Millipedes.—Oxidus gracilis (Koch) and Julus hesperus Chamberlin are two 
species of millipedes frequently found within in-ground subterranean termite mon¬ 
itoring and bait stations. Millipedes generally feed on decaying organic debris 
including decaying wood and vegetable matter (Ebeling 1975, Hogue 1993, Bello 
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1997). Julus hesperus was found feeding on, burrowing in, and damaging LTC 
bait matrices in 4% of the in-ground stations at the locations studied. This mil¬ 
lipede is also commonly found feeding on the surfaces of decaying wooden mon¬ 
itoring devices in subterranean termite stations. 

Spiders. —The western black widow spider, Latrodectus hesperus Chamberlin 
& I vie, was often found within in-ground subterranean termite monitoring stations 
in southern California. The presence of this spider did not appear to interfere with 
foraging and feeding activities of subterranean termites. However, the presence 
of black widow spiders in these stations is a potential safety concern especially 
if one reaches into a station to remove the extractor using unprotected fingers. 

CONCLUSION 

A number of non-target animals were found within in-ground monitoring and 
bait stations used for subterranean termite control in southern California. These 
animals may interfere with the effectiveness of the bait by deterring and/or driving 
out the target termites or damaging the bait matrix. The presence of black widow 
spiders poses a potential health hazard to people servicing the stations. 
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NEONATE CODLING MOTH LARVAE (LEPIDOPTERA: 
TORTRICIDAE) ORIENT ANEMOTACTICALLY TO 
ODOR OF IMMATURE APPLE FRUIT 

P. J. Landolt, R. W. Hofstetter, and P. S. Chapman 

USDA, Agricultural Research Service, 5230 Konnowac Pass Rd., Wapato, 

Washington 98951 

Abstract .—Neonate codling moth larvae, Cydia pomonella (L.) responded positively to the odor 
of immature apples in an enclosed arena bioassay, in a Y-tube olfactometer, and in a straight 
tube olfactometer. In the arena bioassay, larvae contacted paper strips treated with apple odor. 
In the Y-tube olfactometer, larvae moved upwind and into the olfactometer arm carrying apple 
odor. In the straight tube olfactometer, larvae moved farther upwind per unit time in response 
to apple odor. Larval orientation to apple odor appeared to involve both an increase in forward 
speed (orthokinesis) and turning into airflow with increased odor concentrations (chemotaxis). 

Key Words. —Insecta, Tortricidae, codling moth, attraction, host-finding 


The codling moth, Cydia pomonella L. is a key pest of apple (Malus Xdomes- 
tica Borkh) throughout much of the world. It is also a pest of pear ( Pyrus com¬ 
munis L.) and walnut ( Juglans sp.) and utilizes quince ( Cydonia oblonga ) and 
crab apple C Malus sp) among others (Metcalf et al. 1962). 

Host finding and host selection by codling moths may be achieved in part by 
the female moth and in part by the larva. Adult female codling moth probably 
select host plants as oviposition sites, although little is known of how they locate 
or recognize hosts. Adult females oviposit primarily on foliage of host trees near 
fruit and infrequently on host fruit (Geier 1963, Putnam 1962, Wearing et al. 
1973, Jackson 1978). Egg laying is stimulated by apple volatiles (Wildbolz 1958) 
and ovipositing moths may be attracted by the odor of apple fruit (Wearing et al. 
1973). Neonate larvae also must locate host fruit when eggs are laid on foliage. 
Larvae may travel considerable distances (Steiner 1939) and contact fruit inci¬ 
dentally by random movement (Hall 1934). However, larvae may also be capable 
of locating host fruit by a combination of orientation behaviors, including che- 
motactic responses (Mclndoo 1928, Sutherland 1972, Sutherland et al. 1974), 
thigmotaxis (Mclndoo 1928) and by orientation to visual patterns (Mclndoo 
1929). 

Sutherland (1972) demonstrated attraction of neonate codling moth larvae to 
odor of apple, using a closed arena-like test chamber (petri plate). Bradley & 
Suckling (1995) suggested that larval codling moth attraction to apples may be 
due to orthokinesis, klinotaxis or tropotaxis in response to a-famesene. Following 
the terminology and explanations of Fraenkel & Gunn (1961), larvae may then 
encounter host fruit as a result of a change in the rate of locomotion (orthokinesis) 
in response to concentrations of this and other odorants from apple, or they may 
be capable of directed movement (taxis) towards the odor source. Taxis might be 
accomplished by larvae through the comparison of concentrations of a chemical 
with side to side head movements (klinotaxis) or by simultaneous comparison of 
concentrations at 2 or more receptor sites (tropotaxis). 

Although experiments with arena (petri dish) bioassays clearly demonstrated 
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effects of apple odors and isomers of a-farnesene on codling moth larval behavior 
(i.e. Sutherland 1972, Bradley & Suckling 1995), it is not clear how C. pomonella 
larvae might use apple odor (a-farnesene) to find host fruit. It cannot be assumed 
that the behavior observed in these arenas is representative of what occurs in 
nature in moving air because the arena bioassays possessed no airflow and prob¬ 
ably poorly defined concentration gradients. Chemoanemotactic responses (chem¬ 
ical modulation of responses to wind) are nearly always involved in insect at¬ 
traction to chemicals (Kennedy 1977a). To understand how or if a larva may 
arrive at a host fruit in response to volatilized chemicals, we should verify that 
orientation occurs in response to apple odor or apple odorants in moving air. 

The primary objective of this study was to determine if neonate codling moth 
larvae are attracted by apple odor in moving air. A secondary objective was to 
gain some understanding of the orientation mechanisms involved in any attraction 
response of larvae to apple odor. Using modified Y-tube and straight tube olfac¬ 
tometers, we demonstrated attraction of neonate codling moth larvae to odor from 
small immature apples in an airstream. We also showed greater larval motility in 
an olfactometer within which a wire was suspended, providing a substrate similar 
to a plant stem for larvae to traverse. 

Both (E,E)- and (Z,E)-a-famesene are found in organic solvent washes of apple 
fruit, with the (E,E)- isomer the dominant form present (Anet 1970; Bradley & 
Suckling 1995). (E,E)-a-farnesene from solvent washes of apple fruit (99.5% E,E- 
and 0.5% E,Z-) and both the (E,E)- and (Z,E)- isomers from synthetic sources 
were found to be attractive to neonate codling moth larvae in arena bioassays by 
Sutherland (1972), Sutherland & Hutchins (1973), and Bradley & Suckling 
(1995). Because of these previous findings, we also report here amounts of (E,E)- 
a-farnesene emitted from attractive thinning apples. 

Materials and Methods 

General Procedures .—Codling moth eggs were obtained on wax paper sheets 
from a laboratory colony maintained at the USDA, ARS, Yakima Agricultural 
Research Laboratory. Two to 3 hr before assays, egg sheets were shaken free of 
larvae and sheets were transferred to a clean plastic box. Larvae used in bioassays 
were taken from this box, ensuring that they were less than 3 hr old. Active larvae 
were transferred individually from egg sheets to the arena or olfactometer with a 
fine camel hair brush. Thinning apples (3 cm diam.) were obtained from a com¬ 
mercial Golden Delicious apple orchard in June, 1996. These were stored at 2° 
C until the day before assays (6 to 8 months) and were held in an open container 
in the laboratory at 22° C for 24 hours preceding use in tests. 

Volatile chemicals emitted by apples were collected for bioassays and for quan¬ 
titative analysis. Apples for volatile collections were handled as in bioassays. 
These were 3 cm diam thinning apples stored at 2° C for 8 months and placed in 
open containers at 22° C for 24 h preceding collections. Individual apples were 
placed in a wide mouth 460 ml glass jar, identical to the holding jar system used 
for olfactometer bioassays described below. The jar lid was made of 3 mm thick 
teflon sheeting, to which two (inlet and outlet) 6.4 mm stainless steel fittings were 
attached. Inlet air was passed through a hydrocarbon trap (#14633, All tech As¬ 
sociates, Deerfield, IL) which was prewashed 3 times with 250 ml of dichloro- 
methane and baked overnight in an oven at 180° C. Filtered air was directed into 
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the lower part of the jar with 6.4 mm OD teflon tubing. The jar outlet was attached 
to a 15 cm length of 6.4 mm OD teflon lined stainless steel tubing, which was 
bent 180° so that a collector trap could be attached vertically. Airflow was metered 
at 180 ml/min, with a collection time of 30 min per sample. Collector traps (Heath 
& Manukian 1992) used to trap organic volatiles were made from 4.0 cm long 
by 4.0 mm ID glass tubing and contained 20 mg of Super Q as the adsorbent. 
Collector traps were extracted with dicholoromethane into 250 fxl glass vials, and 
brought up to 200 |xl with dichloromethane. This procedure was carried out on 3 
individual apples. 

Gas chromatographic analyses were conducted using a Hewlett Packard Model 
5 890A Series II gas chromatograph, equipped with a split-splitless injection port 
and flame ionization detector. Helium was used as the carrier gas. Analyses were 
carried out in the splitless mode using a DB-1 capillary column (60 m X 0.25 
mm) (J & W Scientific Inc.). The column was held at 80° C for 2 min and 
programmed to increase 20° C/min until reaching 200° C, and maintained iso- 
thermally thereafter. Confirmation of compound identity was obtained using mass 
spectroscopy. Mass spectra were obtained using a Hewlett Packard 5890 series II 
gas chromatograph with a model 5971 mass selective detector, with column and 
conditions as described above. A sample of E,E-a-famesene synthesized by Heath 
et al. (1991) was used as a comparison standard for GC and GC-MS analyses. 

Three assay designs were used to evaluate neonate larval codling moth re¬ 
sponses to odor of codling apples. These were a closed petri dish (arena) assay 
modeled after that of Bradley & Suckling (1995), a Y-tube olfactometer, and a 
straight tube olfactometer. The arena assay consisted of 5.2 X 1.5 cm plastic 
disposable covered petri dishes, in which 5 larvae were placed (in the center) 
along with two 20 X 3 mm pieces of paper (20#, white, long grain, xerographic 
copy paper. Office Max Inc.) The papers were treated either with solvent or test 
samples in solvent. These pieces of paper were placed 3 cm apart to left and right 
of the petri dish center. For a period of 3 min numbers of larvae arriving at the 
papers were tallied and a count was made at the end of 3 min of how many larvae 
were on or in contact with the paper. The Y-tube olfactometer consisted of a 1.3 
cm ID Y-shaped glass tube in which was suspended a 16 gauge stainless steel 
wire. Arms of the Y were 4 cm in length and the stem of the Y was 2 cm in 
length. Airflow was introduced into each arm of the Y and vented through the 
stem. Airflow through each arm was metered at 180 ml/min (9.5 cm/sec), purified 
through a hydrocarbon trap (Alltech Associates, Deerfield, IL) and was passed 
through a 460 ml glass holding jar before introduction into the arm. Test materials 
were placed in the holding jars. Larvae were placed one at a time on the wire 
suspended inside of the Y stem and were observed for 2 min. Larvae were scored 
for arriving 2 cm into one of the arms of the olfactometer within the 2 min time 
period. The straight tube olfactometer consisted of a pair of parallel glass tubes 
in which a wire was suspended and through which air was passed. Each tube was 
1.5 cm ID by 15 cm long. Airflow into each tube was metered at 100 ml/min, 
purified through a hydrocarbon trap and was passed through a 460 ml glass jar 
before introduction into a tube. Larvae were placed on the wire at the downwind 
end of each tube and were observed for 2 min. Maximum distance upwind at¬ 
tained in 2 min was recorded for each larva. 

Arena Bioassay .—Experiment 1. Using the bioassay methods of Bradley & 
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Suckling (1995), an experiment was conducted to test for larval orientation to a 
headspace sample from thinning apples. This experiment was conducted in a dark 
room, following the procedures of Bradley and Suckling (1995), with a fluorescent 
red lamp above for observations, at 23° C and 25 ± 5% RH. The apple headspace 
sample was tested, after quantitative gas chromatographic analysis, at a dose stan¬ 
dardized at 100 nanograms of (E,E)-a-famesene present. Each sample was as¬ 
sayed in 10 |jl1 of methylene chloride. A 10 |xl application of methylene chloride 
served as a control. For treatment and control applications, papers were held 
within a fume hood until solvent visibly disappeared (ca 10 sec), before beginning 
assays. The assay consisted of simultaneous presentation of a treated paper and 
a control paper in a petri dish with 5 larvae. This assay was replicated 10 times 
and treatment and control positions (left and right) were alternated between rep¬ 
licates. Numbers of larvae arriving on each paper and numbers on each paper at 
the end of 3 min were recorded per replicate. 

Data were analyzed by a paired t-test to determine if differences in the numbers 
of larvae arriving at, or remaining at 3 min, on treated papers were significantly 
different than on control papers. 

Y-tube Olfactometer Bioassays .—Experiment 2. Neonate codling moth larvae 
were tested for responses to odor of thinning apples in a Y-shaped olfactometer 
both with and without a wire suspended within the tubing. Three apples (3 cm 
diam) were placed in one glass jar of the olfactometer setup. The other glass jar 
remained empty. Using the Y-tube without the wire, five larvae were tested in 
sequence, the positions of the jars were switched (left to right), and five more 
larvae were tested in sequence. Following this, the procedure was repeated using 
a different Y-tube in which a wire was suspended throughout. This comparison 
was conducted on five days, providing 50 larvae tested per treatment. Between 
assay sets, glassware, tubing and wire downwind of the treatments were washed 
with acetone, baked in a convection oven for 30 min at 110° C, and aired for 20 
+ hr. Numbers of larvae responding to apple odor versus the system control were 
compared using a x 2 test. Percent responses were analyzed by Wilcoxon’s signed 
rank test to determine if larval responses differed with olfactometer design (with 
and without the wire). 

Experiment 3. Neonate larvae were tested for orientation responses to greater 
humidity in the Y-tube olfactometer. Humidity was added to one side of the 
olfactometer by blowing air over a 10 ml glass vial containing 4 ml of HPLC 
grade water. This vial was placed inside the glass jar of one side of the olfactom¬ 
eter and inlet air was vented into the jar one cm from the water surface, through 
a 0.5 cm ID steel tubing. This method increased the system humidity from 20- 
25% to 70% RH, verified by direct measurement inside the tubing with a ther¬ 
mohygrometer (HI #8564, Hanna Instruments, Woonsocket, RI). The glass jar for 
the other olfactometer arm did not contain water. Five larvae were then tested in 
sequence for movement up either arm. The positions of the jars were then reversed 
and 5 more larvae were tested in sequence. This test was replicated 5 times, 
providing 50 larvae tested. Response data were analyzed by x 2 test to determine 
if responses to humidified and non-humidified airflow in the olfactometer arms 
were significantly different. 

Experiment 4. A comparison was made of 0, 1, 2 or 3 apples as an attractant 
source for neonate codling moth larvae in the Y-tube olfactometer. For each assay 
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set, 0, then 1, then 2, and then 3 apples were placed in the left jar while the right 
jar remained empty. For each treatment (no. of apples), 5 larvae were tested 
sequentially. Treatment and control positions were reversed and 5 larvae were 
again tested to airflow from over 0, 1,2, and then 3 apples. This comparison was 
replicated 5 times, with one comparison conducted per day for 5 day. Response 
data for apple treatments (0, 1, 2, or 3 apples) were compared to data for the 
corresponding controls in the opposite olfactometer arm (0 apples) using a x 2 test. 
Straight tube olfactometer bioassay. —Experiment 5. Neonate larvae were tested 
in paired straight-tube olfactometers to determine if larvae move faster or farther 
upwind in response to apple odor compared to system airflow. This assay involved 
simultaneous testing of larvae in two tubes, with one tube carrying airflow from 
over 3 apples and the other tube carrying airflow passed through an empty jar 
(control). The experiment was begun with airflow from an empty jar entering the 
right tube and airflow from over 3 apples entering the left tube. Five larvae were 
tested in sequence in each tube. Each larva was observed for 2 min and the 
farthest distance attained upwind was recorded. The positions of the control and 
treatment jars were reversed and the series was conducted again. This experiment 
was conducted on 5 day, providing 50 larvae tested per treatment. Response data 
were compared by a paired t-test. 

Results 

The predominant peak in thinning apple headspace collections had a retention 
time of 11.5 min on the DB-1 capillary column. Its identity as (3E,6E)-3,7,11- 
trimethyl-l,3,6,10-dodecatetraene, or (E,E)-a-famesene, was confirmed by com¬ 
parison of retention times and the comparison of E.I. mass spectra with synthetic 
(E,E)-a-famesene (Heath et al 1991). Electron impact mass spectra obtained on 
the natural and synthetic famesene were comparable to reported spectra for a- 
famesene contained in the National Institute of Standards and Technology Library 
(Gaithersburg, Maryland). 

Emission rates of (E,E)-a-famesene from single codling apples were 1.25 ± 
0.23 micrograms per hour when apples were stored in an open container for 24 
hours, following 6 to 8 months in cold storage. 

Arena Assay. —Experiment 1. Neonate codling moth larvae arrived at filter pa¬ 
pers treated with apple volatiles from a headspace sample significantly more often 
than at filter papers treated with solvent (t = 2.61, P = 0.03, df = 9) (Figure 1). 
After 3 min, mean numbers of larvae on filter papers treated with apple volatiles 
were significantly greater than numbers of larvae on filter paper treated with 
solvent (t = 2.69, P = 0,02, df = 9) (Fig. 1). 

Y-tube olfactometer bioassays. —Experiment 2. Neonate codling moth larvae re¬ 
sponded positively to the odor of apple, in both Y-tube olfactometer designs 
(Figure 2). Few larvae entered the olfactometer arm carrying only system airflow 
(no apple odor), while significantly greater numbers of larvae (x = 8.5, P = 0.004 
without the wire, x = 16.1, P = 6 X 10 -5 with the wire) moved into the arm 
carrying airflow from over 3 apples. Significantly greater numbers of larvae re¬ 
sponded positively to apple odor in the olfactometer containing the suspended 
wire within the tubing, compared to apple odor in the olfactometer not containing 
wire (z = 2.8, P = 0.005). (Fig. 2). 

Experiment 3. Neonate codling moth larvae did not exhibit a significant re- 
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Figure 1. Mean (± SE) numbers of neonate codling moth larvae in a petri dish arriving at (cross 
hatched bars) 1.0 X 0.1 cm papers treated with solvent or apple headspace collection in solvent in 3 
min, and mean numbers of larvae on those papers at the end of 3 min (open bars). 
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sponse to increased humidity in the Y-tube olfactometer. Numbers of larvae mov¬ 
ing into olfactometer arms with humidified air and non-humidified air were not 
significantly different (44 vs 56% respectively) (x 2 = 0.43, P = 0.51). 

Experiment 4. Significantly more larvae moved into the olfactometer arm car¬ 
rying airflow from the jar of 3 apples compared to the control arm (x 2 = 7.5, P 
= 0.007, n = 10 for 3 apples) (Fig. 3). Numbers of larvae that moved into the 
olfactometer arm carrying airflow from jars with one or two apples were not 
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Figure 2. Mean (± SE) percentages of neonate codling moth larvae moving into the 2 arms of 
Y-tube olfactometers in response to airflow from an empty jar (open bars) or airflow from over 3 
thinning apples in ajar (cross hatched bars). Olfactometers either were comprised of 2 cm glass tubing 
without a wire suspended inside, or consisted of 2 cm diameter tubing with alb gauge wire suspended 
in both arms as well as the stem of the Y. 
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Figure 3. Mean (± SE) percentage of neonate codling moth larvae moving into a Y-tube olfac¬ 
tometer arm carrying airflow from zero, one, two or three codling apples. Bars with an asterisk are 
significantly greater than the control (zero apples) by a x 2 test at P < 0.05. 


significantly greater than numbers of larvae that moved into the corresponding 
control arm (x 2 = 1.3, P = 0.25, x 2 = 2.7, P = 0.10, respectively). 

Straight tube olfactometer .—Experiment 5. The mean maximum distance upwind 
attained by neonate codling moth larvae in the olfactometer tube carrying airflow 
from over thinning apples was significantly greater than that attained by larvae 
in the tube carrying airflow passed through an empty jar (t = 6.0, P < 10 6 ). 
Larvae moved an average of 10.2 ± 0.4 cm in 2 min in tubes carrying apple 
odor, compared to 6.2 ± 0.5 cm in 2 min in tubes carrying system air without 
apple odor. 


Discussion 


Positive responses were obtained from neonate codling moth larvae to odor of 
apples in all three assay designs, shedding some light on behavioral mechanisms 
involving chemo-orientation that may be a part of larval codling moth host-find¬ 
ing. Significant numbers of larvae responded to paper strips treated with a sample 
of apple volatiles in the closed arena assay. This is in agreement with the findings 
of Sutherland (1972) that neonate codling moth larvae orient to apple odor, al¬ 
though our methods of presentation differed. Sutherland (1972) tested apple skin, 
apple flesh, and chloroform extract of apple, and we tested apple headspace vol¬ 
atiles. In our tests a response was evident both in cumulative numbers of larvae 
arriving at paper strips over the 3 min assay period, and in the number of larvae 
on paper strips at the end of the 3 min assay period. Bradley & Suckling (1995) 
suggested that larvae may orient to such treated strips by orthokinesis (changes 
in velocity with changes in chemical concentration) or by a taxis (a directed 
response resulting from comparison of stimulus intensities). The side to side head 
movements of larvae observed by Bradley & Suckling (1995) suggest klinotaxis 
rather than tropotaxis (Fraenkel & Gunn 1961). 

Larvae responded positively to odor of thinning apples using the Y-tube olfac¬ 
tometer (experiments #2 and #4). Both ambulation upwind on the wire inside of 
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the olfactometer stem (carrying mixed airflow from both arms) and turning into 
the olfactometer arm carrying apple odor was necessary for a positive scoring in 
this assay. The responses of larvae to apple odor in the olfactometers likely in¬ 
volves either chemotactic or chemoklinokinetic responses as stated by Kennedy 
(1977b) at the junction of the two arms and stem of the olfactometer. A chemo¬ 
tactic response may be klinotaxis or tropotaxis, depending on the ability of the 
larva to compare odor intensities through side to side movements using a single 
receptor (indicating klinotaxis) or simultaneous comparisons using two or more 
receptors (indicating tropotaxis) (Fraenkel & Gunn 1961). The steep odor gradient 
expected at the junction of the olfactometer arms, where airflow carrying apple 
odor joined clean airflow, would permit comparisons by larvae of stimulus inten¬ 
sity over short distances. The experiments with Y-tube olfactometers were not 
designed to determine changes in larval speed or to determine if larvae move 
upwind in response to apple odor. However, there was a significant increase in 
upwind distance attained by larvae in the 2 min assay period when exposed to 
thinning apple odor in the straight tube olfactometer, indicating a greater forward 
speed. This response may be orthokinesis in response to apple odor. Codling moth 
larvae moved faster or farther upwind when detecting apple odor (orthokinesis) 
and turned into airflow containing apple odor (chemotaxis as klinotaxis or tro¬ 
potaxis). Russ (1976) reported larval codling moth attraction to an extract com¬ 
mercially prepared from apple and pear fruit, using a Y-tube with airflow. Un¬ 
fortunately observations of larvae were not made (larvae were checked after 24 
h) and there did not appear to be experimental controls. Thus, it is difficult to 
interpret those findings in terms of larval behavior. 

Positive responses to apple odor and upwind movement generally (treatment 
and control) occurred much more frequently in the Y-tube olfactometer when a 
wire was suspended within the tubing and larvae were placed on the wire rather 
than on the inside of the glass tubing. Neonate larvae on apple trees must traverse 
leaf, petiole, and stem surfaces in their search for host fruit. This modification to 
the olfactometer was thought to better approximate natural conditions for larvae, 
where moving over broad concave surfaces (such as the inside of glass tubing) 
rarely occurs. Although a 0.5 cm diam rod would better approximate an apple 
stem, the 16 gauge wire effectively increased the ambulation of larvae in these 
assays. This modification to the olfactometer may be useful for studying orien¬ 
tation responses of lepidopterous larvae generally. 

The testing for response by larvae to increased humidity in the olfactometer 
was done to determine if positive responses to apple odor observed were due to 
increased humidity in the apple headspace. There was no indication of a response 
in the Y-tube olfactometer when 70% RH air was compared to ambient (20—25% 
RH) air, and it was concluded that responses to apple odor were not likely to be 
responses to increased water vapor in apple headspace. 

The speed of larvae in the olfactometer assays was somewhat greater than that 
reported by Bradley & Suckling (1995). In the straight tube olfactometer, larvae 
generally moved 5—5.5 cm upwind during the 2 min assay, in response to apple 
odor. Larvae in the petri dish assays of Bradley & Suckling (1995) moved up to 
1.5 cm per minute. This greater speed may be a result of directed movement (such 
as anemotaxis) by larvae in response to the odor gradients in olfactometers with 
airflow, versus nondirected movement (such as a kinesis) in the static air and poor 
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or nonexistent odor gradients in the petri dish (arena) assay. Greater larval move¬ 
ment in the olfactometer was also due in part to the addition of the wire to the 
olfactometer design possibly providing a superior substrate for larval locomotion. 
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Abstract —A cladistic analysis of several morphological traits commonly used in the identifica¬ 
tion of melanopline grasshoppers was performed in order to investigate their phylogenetic utility 
and to provide a basis for the eventual comparison with DNA-derived phylogenies. 

Key Words —Insecta, Orthoptera, Melanoplus, grasshoppers, cladistics. 


“ at present the exact relationship of the many species is unknown” 

A. R. Brooks 1958 

Brooks’s statement regarding evolutionary relationships among members of the 
genus Melanoplus Stal is still true today. The most striking feature of the sub¬ 
family Melanoplinae, to which the genus belongs, is the vast array of shapes and 
sizes of male genital lie parts (Brooks 1958). Melanoplines also differ in several 
body characters (Vickery & Kevan 1986), egg and egg pod characteristics (On- 
sager & Mulkem 1963), nymphal traits (Handford 1946), and isozyme patterns 
(Chapco 1989). A few taxonomic keys exist (e.g., Brooks 1958, Vickery & Kevan 
1986, Heifer 1987) which incorporate subsets of morphological features (partic¬ 
ularly external male terminal structures), but to our knowledge, these traits have 
yet to be analyzed from an evolutionary perspective. Since a goal of this labo¬ 
ratory is eventually to construct a DNA-based evolutionary tree of melanoplines, 
an analysis of conventional traits would be extremely useful for comparative pur¬ 
poses. To this end, the results of a cladistic analysis of a small data set are 
presented and the phylogenetic utility of characters used in taxonomic identifi¬ 
cation examined. 


Materials and Methods 

This study focuses on 11 species of melanopline grasshoppers, chosen on the 
basis of the availability of local living specimens and taxonomic data in the lit¬ 
erature. Species are: Melanoplus angustipennis (Dodge), M. bivitattus (Say), M. 
confusus Scudder, M. dawsoni (Scudder), M. femurrubrum (De Geer), M. glad- 
stoni Scudder, M. infantilis Scudder, M. packardii Scudder, M. sanguinipes (Fa- 
bricius), Phoetaliotes nebrascensis (Thomas), and Hesperotettix viridis Scudder. 
Ten characters frequently used in identification and representing a diversity of 
biological features were selected (Table 1). The stability of the derived relation¬ 
ships was examined by including additional traits, morphometric and electropho¬ 
retic, to form a larger data set. Traits 11-20 are based on Guenther’s (1994) 
analysis of several morphometric characters. Femur length is used as a surrogate 
for “body size” (Harrison 1986), a legitimate taxonomic character (Simon 1983; 
Maurer et al. 1992). Traits 13-20 are ratios of linear measurements and reflect 
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Table 1. Characters and character states for melanopline grasshoppers. 

Character States 

I. Dorsal angle of ovipositor 3 0 (<114°) 

1 (114°-136°) 

2 (>136°) 

0 (not conspicuous), 

1 (somewhat conspicuous), 

2 (conspicuous) 

0 ( 2 ) 

1 (2 or 3) 

2(4) 

0 (< 16 ) 

1 (16-30) 

2 (>30) 

0 (spotted) 

1 (broken) 

2 (solid) 

6. Cerci type (males) 3 0 (plain), 1 (elaborate) 

7. Lateral surface of cerci (males) d 0 (not spatulate) 

1 (mildly to strongly spatulate) 

8. Furculae length d 0 (short) 

1 (medium) 

2 (long) 

9. Antennal crescent d 0 (divided) 

1 (complete) 

10. Notch of eighth stemite (females) d 0 (very shallow to shallow) 

1 (moderate to deep) 

II. Body size (hind femoral L) d six homogeneous sets 

(coded 0-5) 
five homogeneous sets 
(coded 0-4) 

seven homogeneous sets 
(coded 0-6) 

14. Hind femoral L/hind tibial L d five homogeneous sets 

(coded 0-4) 

15. Pronotal max W/min W d three homogeneous sets 

(coded 0-2) 

16. Prozonal L/metazonal L d seven homogeneous sets 

(coded 0-6) 

17. Interocular D/epistomal suture L d three homogeneous sets 

(coded 0-2) 

18. Subocular fissure L/head W d four homogeneous sets 

(coded 0-3) 

19. Dorsal eye D/interocular D d four homogeneous sets 

(coded 0-3) 

20. Head W/pronotal L d seven homogeneous sets 

(coded 0-6) 

21. Combinations of Ldh e alleles seven states 

(coded 0-6) 

22. Combinations of alpha-GPdh f alleles three states 

(coded 0-2) 

D, L, W = distance, length and width, respectively. Sources: a—Brooks (1958); b—Onsager & 
Mulkern (1963); c—Handford (1946); d—Guenther (1994); e—Chapco (1984); f—Chapco et al. 
(1987). 


12. No. of tibial spines d 

13. Hind femoral L/W d 


2. Micropyle of egg b 


3. No. columns of eggs/pod b 


4. No. eggs/pod b 


5. Markings on outer face of 
hind femora of late instars c 
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shape characteristics of different body parts. Guenther (1994) showed that, unlike 
linear characters, ratios vary little between sexes and geographic location and are, 
therefore, expected to be more reliable. In any case, measurements in this study 
were restricted to those of female insects collected within one large area in south¬ 
ern Saskatchewan. Traits 21 and 22 are electrophoretic characters for which in¬ 
heritance patterns have been previously established (Chapco 1984, Chapco et al. 
1987). 

For cladistic purposes, continuous traits were coded employing Simon’s (1983) 
homogeneous subset coding scheme. This involved assigning an integral value to 
a taxon according to its inclusion in a homogeneous subset. Subsets were estab¬ 
lished by a posteriori multiple comparisons tests which, in the majority of cases, 
were parametric. In a few situations (< 6%), continuous traits were not normally 
distributed necessitating the use of non-parametric methods. Electrophoretic loci 
were treated as separate characters with allelic combinations defining different 
character states (Buth 1984). Cladistic analyses using the programs. MacClade 
(Maddison & Maddison 1992) and PAUP (Swofford 1993), were applied to the 
two overlapping sets of data. The “BRANCH AND BOUND” search command 
of PAUP was employed to find the tree or set of trees, explained by the least 
number of character state changes. Since there was no a priori reason for con¬ 
sidering any one species as an outgroup, a mid-rooting scheme available in PAUP 
was adopted. Hence, no character state was regarded as ancestral or derived. The 
reliability of putative associations was ascertained by the use of “decay indices” 
(Donoghue et al. 1992). A decay index is the number of steps additional to the 
number in the shortest tree(s) required to collapse a tree branch node. All char¬ 
acters, except LDH (for which no transformation pattern was evident), were treat¬ 
ed as ordered. To see what effect this might have, an analysis treating all char¬ 
acters as unordered was also performed. 

Results and Discussion 

Cladistic analysis of the 11 species X 10 character data set (Table 2) yielded 
two equally parsimonious trees, each of length 29 and consistency index 0.55. A 
majority-rule consensus tree is presented in Figure 1.1. Mid-point rooting iden¬ 
tified two main clusters A and B, the former consisting of the 7 species: M. 
angustipennis to H. viridis, and the latter consisting of the 4 species: M. bivitattus 
to M. femurrubrum. Within A, pairs (M. angustipennis, M. packardii), and (M. 
confusus, M. infantilis ) emerge, and are strongly supported by decay indices of 
6 + and 6 steps, respectively. However, relationships among those pairs and re¬ 
maining taxa in A are unresolved. Within B, the branching pattern (((M. bivitattus, 
P. nebrascensis ), M. dawsoni ), M. femurrubrum ) is indicated, but this structure 
breaks down when all trees 2 steps greater than the most parsimonious trees are 
considered. The distinction between clades A and B disappears in trees that are 
4 steps longer than the shortest trees. 

Relationships are modified if the 10 traits are treated as unordered (Fig. 1.2). 
Parsimony analysis resulted in 17 equally parsimonious trees, each of length = 
27 and consistency index = 0.60. Clades (M. angustipennis, M. packardii ), and 
(M. confusus, M. infantilis ) are still retained, supported in each case by decay 
indices > 3. The major difference from Figure 1.1 is the relocation of H. viridis 
from group A to group B. 
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Table 2. Character state data for 11 melanopline species. The 22 characters and their state codes 
are described in Table 1; missing values are indicated by ?s. 


Character number 


Species 3 

i 

2 

3 

4 

5 

6 

7 

8 

9 

1 

0 

1 

1 

1 

2 

i 

3 

i 

4 

i 

5 

i 

6 

i 

7 

i 

8 

i 

9 

2 

0 

2 

1 

2 

2 

ang 

0 

0 

0 

1 

0 

0 

1 

1 

0 

1 

7 

? 

? 

? 

? 

? 

? 

? 

? 

? 

3 

2 

biv 

2 

2 

2 

2 

2 

1 

0 

0 

0 

1 

5 

2 

4 

1 

0 

2 

3 

3 

5 

2 

4 

1 

conf 

0 

1 

0 

0 

1 

1 

1 

1 

1 

1 

3 

1 

3 

3 

1 

2 

5 

4 

3 

5 

5 

1 

daws 

2 

2 

0 

0 

2 

0 

0 

1 

0 

0 

0 

3 

3 

3 

4 

4 

4 

2 

2 

6 

2 

1 

fem 

1 

2 

0 

1 

2 

0 

0 

2 

1 

0 

2 

3 

3 

3 

3 

0 

4 

2 

1 

4 

1 

2 

glad 

1 

0 

0 

1 

1 

0 

0 

0 

0 

1 

1 

0 

0 

3 

0 

1 

2 

3 

2 

6 

6 

2 

inf 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

3 

5 

3 

1 

1 

1 

8 

7 

0 

pac 

0 

0 

1 

1 

0 

0 

1 

1 

0 

1 

5 

0 

3 

3 

0 

2 

4 

4 

3 

1 

3 

2 

sang 

1 

0 

0 

1 

1 

0 

0 

1 

0 

0 

4 

2 

2 

3 

2 

0 

4 

3 

1 

3 

1 

1 

Pn 

2 

2 

0 

1 

2 

0 

0 

0 

0 

0 

2 

2 

4 

2 

6 

5 

0 

0 

4 

7 

? 

7 

Hv 

2 

0 

0 

1 

0 

0 

0 

0 

1 

0 

4 

0 

4 

0 

0 

3 

6 

4 

0 

0 

7 

7 


(a) = listed as follows: ang = Melanoplus angustipennis, biv = M. bivitattus, conf = M. confusus, 
daws = M. dciwsoni, fern = M. femurrubrum, glad = M. gladstoni Scudder, inf = M. infantilis Scudder, 
pac = M. packardii Scudder, sang = M. sanguinipes, Pn = Phoetaliotes nebrascensis, Hv = Hesper- 
otettix viridis. 


In the analysis of the expanded data set (Table 2), a single most parsimonious 
tree of length 136 and consistency index 0.54 was obtained (Fig. 2.1). A few 
comparisons with Figure 1.1 are worth noting. Support for the ( M. angustipennis, 
M. packardii ) clade remains, which is not surprising since the expanded data set 
for M. angustipennis is largely incomplete, although both species have identical 
isozyme patterns. The association between M. confusus and M. infantilis has dis¬ 
appeared, but now there is a strongly supported relationship between M. bivitattus 
and H. viridis . The net result is that M. bivitattus and M. infantilis have reversed 
their affiliations with A and B. The distinction between these major groups, how¬ 
ever, is supported by a decay index of only one. 

Treating all traits as unordered, 11 trees each of length 94 and consistency 
index 0.78 were identified: a consensus tree is presented in Figure 2.2. It would 
appear that there is considerable realignment of taxa with respect to Figure 
2.1. 

It is tempting, therefore, to conclude that little confidence can be placed in any 
of the trees. Nevertheless, certain general features are evident if all four figures 
are compared simultaneously. It can be seen that M. angustipennis, M. packardii, 
and M. confusus are always separated from M. dawsoni, M. femurrubrum, and P. 
nebrascensis, although relationships among members within each triad depend on 
the data set and how characters are treated. Affiliations of the remaining taxa with 
either group are inconsistent. A surprising consistent result is the intermingling 
of the two non -Melanoplus species within each cluster. If true, the result might 
put into question the monophyly of the major genus. It is also possible that the 
internal placements of these two species are artifacts of mid-point rooting and 
that the true root is along the branch leading to either species. 

Most characters exhibit multiple character state changes (not shown) in different 
branches of the trees. What this widespread homoplasy means is that none of the 
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ang 

pac 

conf 

inf 

glad 

sang 

Hv 

biv 

Pn 

daws 

fern 



Figure 1.1. Majority rule consensus tree of two equally parsimonious trees, each of length 29 and 
consistency index of 0.55, depicting relationships among 11 melanopline grasshopper species. Trees 
are based on 10 (mostly) ordered characters used in taxonomic identification. 

Figure 1.2. (Same data set with characters treated as unordered) Majority rule consensus tree of 
17 equally parsimonious trees, each of length 27 and consistency index 0,60. Numbers on branches 
in both figures refer to decay indices. Taxon abbreviations are defined in Table 2. 


clusters can be defined by a unique collection of shared character states. Does 
this imply, therefore, that the characters chosen for analysis are phylogenetically 
inutile? While the goal of traditional Hennigian cladistics is to erect monophyletic 
group on the basis of a set of derived traits that are mutually consistent, this is 
not necessarily the focus of modem cladistics (Quicke 1993). With respect to our 
data, one to several parsimonious trees, depending on the character set and or- 
deredness of the characters, emerged. Some branches were robustly supported and 
some weakly so. At the very least, these trees and assumptions underlying the 
traits can serve as hypotheses which will be tested when DNA-based trees have 
been obtained. Of particular interest are the male genitallic traits which may be 
of significance with respect to speciation in this group (Otte 1981). A DNA de¬ 
rived phylogeny will afford an opportunity for examining the evolution of such 
characters. 
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2.1 



glad 

sang 

daws 

inf 

Pn 

fern 


2.2 


>5 


1 



>5 


ang 

pac 

conf 

inf 

Hv 



biv 

daws 

fem 

Pn 

sang 

glad 


Figure 2.1. A single most parsimonious tree depicting relationships among 11 melanopline grass¬ 
hopper species using all 22 traits. Tree length is 136 steps and consistency index is 0.54. 

Figure 2.2. (Same data set with all characters treated as unordered) Majority rule consensus of 11 
equally parsimonious trees, each of length 94 and consistency index 0.78. Numbers on branches in 
both figures refer to decay indices. Taxon abbreviations are defined in Table 2. 
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AVOIDANCE OF DIRECT SUNLIGHT BY ADULT 
HESPEROPSIS GRACIELAE (MACNEILL) 
(LEPIDOPTERA: HESPERIIDAE) 

W. D. WlESENBORN 

U.S. Bureau of Reclamation, RO. Box 61470, 

Boulder City, Nevada 89006-1470 

Abstract .—Perched Hesperopsis gracielae (MacNeill) adults were partially or entirely exposed 
to direct sunlight (solar radiation), and the response times were recorded when the skippers 
avoided continued exposure by flying or walking to shade. Of the skippers partially exposed to 
direct sunlight, those exposed only on their heads, thoraces, and basal portions of the wings 
sought shade earlier than those exposed only on their abdomens and distal portions of the wings. 
Skippers entirely exposed to direct sunlight sought shade earlier than those partially exposed to 
direct sunlight. Response rates (inverse of response times) of skippers partially exposed to direct 
sunlight, when summed, were equivalent to response rates of skippers entirely exposed to direct 
sunlight, inferring that thoracic and abdominal heating rates were independent and additive. 
Estimated thoracic (0.6° C-s~') and abdominal (0.3° C-s' 1 ) heating rates were comparable to 
those measured in other similarly-sized Hesperiidae. Results indicate that perched H. gracielae 
adults rapidly increase body temperature when exposed to radiation and suggest that the species’ 
characteristic flight within plant canopies is a thermoregulatory behavior to prevent overheating. 

Key Words .—Insecta, Lepidoptera, Hesperiidae, Hesperopsis gracielae, thermoregulation. 


MacNeill’s sootywing, Hesperopsis gracielae (MacNeill), is a small (wing- 
spread ~ 23 mm) dark-brown skipper (Hesperiidae; Pyrginae) found along the 
lower Colorado River and its tributaries in southeastern California, western Ari¬ 
zona, southern Nevada, and southern Utah (Scott 1986). The species’ range cross¬ 
es two desert biogeographic provinces, the Mohavian north of Nevada’s southern 
tip and the Sonoran south of Nevada’s southern tip (Lowe & Brown 1982). Flights 
of H. gracielae occur from April to October with three generations in southern 
Nevada (Austin & Austin 1980) and two generations in southeastern California 
(April & July to October, Emmel & Emmel 1973). Larvae of H. gracielae feed 
on Atriplex lentiformis (Torrey) (Chenopodiaceae), a shrub found in dense clumps 
along lower Colorado River drainages (Emmel & Emmel 1973). However, H. 
gracielae is more rare than would be expected based on the occurrence of its 
hostplant (Austin & Austin 1980), and this rarity has afforded the skipper the 
global rank of ‘G3?’ (L. Jaress, Ariz. Game & Fish Dept., Phoenix, personal 
communication), indicating its conservation status is rare or uncommon but not 
imperiled (Master 1991). 

Hesperopsis gracielae' s characteristic tendency of flying within the cover of 
riparian shrubs (MacNeill 1970) suggests the species may require shade to prevent 
overheating in the high insolation and summer air temperatures that prevail within 
its range, especially in southern Arizona and California. For example, average 
daily maximum air temperatures at the lower Colorado River near Parker, Arizona 
(weather station Parker 6 NE, lat. 34.2° N, long. 114.2° W, elevation 125 m), 
during 1893—1996 in July, August, and September were 42.4° C, 41.4° C, and 
38.7° C, respectively (Nat. Oceanic & Atmospheric Admin., Western Regional 
Climate Center, Reno, Nevada). Hesperopsis gracielae is diurnal and has been 
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observed flying within and between plant canopies between 0930 MST and 1330 
MST during September near Parker (Wiesenbom 1997). To better understand H. 
gracielae’s affinity for plant cover, this study examines the species’ avoidance of 
partial and entire exposure to direct sunlight and interprets the avoidance as a 
thermoregulatory response preventing overheating. 

Materials and Methods 

The study site was located at an elevation of 150 m on the upper floodplain 
along the southern edge of the Bill Williams River 25 km northeast of Parker, La 
Paz County, Arizona, and 3 km east of Lake Havasu, a Colorado River reservoir. 
Principal vegetation at the site is A. lentifonnis, Acacia greggii Gray, Pluchea 
sericea (Nuttall), Cercidium sp., Prosopis glandulosa Torrey, and Salix good din gii 
Ball. Hesperopsis gracielae adults were individually captured with an aerial net 
and immediately placed into a shaded 31 cm X 31 cm X 31 cm aluminum-frame 
cage (BioQuip Products, Gardena, California). The cage was covered on the bot¬ 
tom and on two sides with 32-mesh plastic screen, on one side with aluminum, 
on the top with clear vinyl, and on one side with a cloth sleeve for inside access. 
The skipper was allowed to acclimate for 5 min, and the cage was repositioned 
with its aluminum side shaded and direct sunlight (solar radiation) transmitted 
through the top to illuminate one quarter of the cage bottom. A 10-cm long A. 
lentifonnis branch with 4-5 leaves was placed under the skipper at the beginning 
of each observation. The skipper was allowed to walk or fly onto the branch and 
placed in shade on the cage bottom for 1 min. Skippers that flew from the branch 
before the 1-min shading period had elapsed were placed back onto the branch 
and the 1-min period repeated. The branch then was picked up and the skipper’s 
dorsal surface subjected to one of four treatments (see Fig. 1): (1) entirely shaded 
(control), (2) only the abdomen and distal portions of the wings in direct sunlight, 

(3) only the head, thorax, and basal portions of the wings in direct sunlight, and 

(4) entirely in direct sunlight. The time was recorded when the treatment was 
begun and when the skipper flew or walked. Subtracting the former from the 
latter calculated the elapsed avoidance response time in seconds. Observations 
were stopped after 5 min if flight or walking did not occur (10 of 24 observations 
in the entirely-shaded treatment). Flights from, or walking on, the branch always 
were to shade. 

Each trial consisted of each treatment performed three times on the same skip¬ 
per, and the order of testing within each trial was randomized over the 12 obser¬ 
vations. Three trials were performed on 30 Apr, three trials on 1 May, and two 
trials on 2 May 1997. Trials were performed under 0-5% cloud cover between 
1010 MST and 1411 MST and lasted 26-54 min each. Skippers used in the first 
six trials were released, whereas those used in the last two trials were collected 
and deposited as voucher specimens at the University of Arizona Insect Museum, 
Tucson. Although care was taken to prevent damaging the skippers examined, 
some scale loss, especially from the dorsal thorax, occurred during each trial. 

Meteorological measurements (range, x) taken at the beginning and end of each 
trial included incident light intensity (measured with a Sekonic L-398 light meter) 
in direct sunlight outside (103-110, 107 kilolux [klx]) and inside (55-107, 94 
klx) the cage and in shade inside the cage (5.2-24, 13 klx), relative humidity 
(21-36, 26%), and air temperature outside (30-38, 35° C) and inside the cage 
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(32-40, 36° C). During each trial, air temperature was 0-2° C higher, and direct 
sunlight 0-52 klx lower, inside compared with outside the cage. Air temperature 
inside the cage at the beginning of each observation was estimated by linear 
interpolation between the temperatures measured at the beginning and end of each 
trial. 

Avoidance response times were transformed log (F 4- 1) and analyzed using 
analysis of variance with cage air temperature as a covariate, trials as blocks, and 
within-treatment observations in each trial as subsamples (Steel & Torrie 1980). 
Treatment means adjusted for the covariate were compared with orthogonal con¬ 
trasts. Response rates were calculated by taking the inverse of avoidance response 
times averaged across subsamples in each trial. Response rates in skippers par¬ 
tially exposed to direct sunlight were summed (treatments [2] plus [3] above) 
within each trial, and these summed response rates were compared (/-test paired 
by trial) with response rates in skippers entirely exposed to direct sunlight. 

Results 

Hesperopsis gracielae oriented both their front and hind wings approximately 
45° below vertical during the observations and 1 min shading periods. Thus the 
wings received direct sunlight at more of an acute angle than did the dorsum. 
Skippers also periodically flexed both their front and hind wings upward, raising 
them to vertical and quickly lowering them back to the 45° angle; the frequency 
of this behavior increased during observations where skippers were exposed to 
direct sunlight. Flight or walking from direct sunlight also was immediately pre¬ 
ceded by antennal movement. 

Avoidance response times by H. gracielae were not related to cage air tem¬ 
perature {F = 0.22; df = 1,20; P > 0.05) but were different between treatments 
(F = 44.0; df = 3,20; P < 0.001) and between trials (F = 7.92; df = 7,20; P < 
0.001). Skippers exposed to direct sunlight responded earlier than those kept in 
shade (Fig. 1, contrast A). Skippers entirely exposed to direct sunlight responded 
earlier than those partially exposed to direct sunlight (Fig. 1, contrast B). Skippers 
exposed to direct sunlight on their heads, thoraces, and basal portions of the wings 
responded earlier than those exposed on their abdomens and distal portions of the 
wings (Fig. 1, contrast C). Response rates of skippers partially exposed to direct 
sunlight, when summed (0.21 ± 0.16 s -1 ; y ± SD), were equivalent (/ = —0.037; 


HI Shade 
] Sunlight 


Mean (s) a 

107 

19.1 

8.6 

5.4 

F 

P 

Contrast 13 A 

3 

-1 

-1 

-1 

113.18 

< 0.001 

B 

0 

-1 

-1 

2 

11.12 

< 0.005 

C 

0 

-1 

1 

0 

7.56 

< 0.05 


a Retransformed adjusted means from data transformed log(F+l); treatment SE = 0.2 s, n — 24. 
df = 1,20. 



Figure 1. Avoidance response times in second elapsed by Hesperopsis gracielae exposed to shade 
and direct sunlight. 
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df = 7; P = 0.97) to response rates of skippers entirely exposed to direct sunlight 
(0.20 ± 0.13 s- 1 ). 


Discussion 

Avoidance of direct sunlight by H. gracielae exposed only on the abdomen 
and distal portions of the wings indicates skippers responded to increasing body 
temperature rather than visual cues. However, basking to elevate body temperature 
(Heinrich 1993) was not required for skippers to respond, because cage air tem¬ 
peratures were within the range of body temperatures (30-40° C) known to allow 
voluntary activity in other butterflies ( Colias spp. [Pieridae], Kingsolver & Watt 
1983). Assuming body temperatures of H. gracielae perched for 1 min in shade 
approximated mean air temperature inside the cage, and H. gracielae initiated 
shade-seeking at the same body temperatures (40-42° C) Colias spp. exposed to 
direct sunlight also seek shade (Kingsolver & Watt 1983), body temperatures of 
skippers increased 4.0-6.0° C during exposure to direct sunlight. This estimates 
heating rates of 0.47-0.70° C s~' for H. gracielae exposed to direct sunlight only 
on the head, thorax, and proximal portions of the wings and 0.21-0.31° C-s _I for 
H. gracielae exposed to direct sunlight only on the abdomen and distal portions 
of the wings. For comparison, male Thymelicus lineola (Ochsenheimer) (Hesper- 
iidae; Hesperiinae, wingspread ~ 26 mm, Scott 1986) exposed to radiation for 
30 s at an initial air temperature of 11° C increased thoracic temperatures 0.48° 
C*s~‘ and abdominal temperatures 0.38° Cs 1 (Pivnick & McNeil 1986). The 
similarity between heating rates estimated in H. gracielae and measured in T. 
lineola indicates H. gracielae’s avoidance of continued exposure to direct sunlight 
was a behavioral response to prevent overheating. Similar heating rates also sug¬ 
gest H. gracielae and the Colias spp. seek shade at similar body temperatures. In 
contrast to H. gracielae’s desert habitat, however, the Colias spp. studied by King¬ 
solver & Watt (1983) inhabit meadows at 1.7-4.0 km elevation in central Colo¬ 
rado. Thus H. gracielae appears not to have evolved a physiological tolerance for 
unusually-high body temperatures as has been observed in desert dragonflies (Pol- 
cyn 1994). 

Hesperopsis gracielae’s observed behavior of holding both front and hind 
wings 45° below vertical and periodically flexing them to vertical may have been 
a thermoregulatory response. Lowered wings can increase body temperature by 
trapping warm air beneath them (Wasserthal 1975) and by exposing more of the 
dorsum to radiation (Pivnick & McNeil 1986). Radiation reflected from the wings 
and onto the dorsum does not significantly affect body temperature (Heinrich 
1990). 

Differential heating between the thoraces and abdomens of butterflies exposed 
to radiation, as estimated in H. gracielae and measured in T. lineola (Pivnick & 
McNeil 1986), may be due to differences in mass, shape (affecting surface area 
exposed to radiation), reflectance, insulation, conduction through the exoskeleton, 
and convection by hemolymph. However, thoracic and abdominal heating (re¬ 
sponse) rates in H. gracielae did not interact, because these rates when indepen¬ 
dently estimated and combined were equivalent with those concurrently estimated. 
Such an interaction could result from hemolymph circulation between the thorax 
and abdomen, typical in moths but atypical in butterflies (Heinrich 1993). For 
example, Rawlins (1980) suggested that active Papilio polyxenes Fabr. butterflies 
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(Papilionidae) under heat stress can cool by circulating heated hemolymph from 
the thorax to the abdomen if the latter is in shade. Thoracic cooling by hemolymph 
circulation therefore is not evident in H. gracielae. This cooling mechanism also 
was rejected in T. lineola, because heating rates were similar in both live and 
dead skippers (Pivnick & McNeil 1986). 

Being small skippers similar in size and shape, both H. gracielae and male T. 
lineola are susceptible to rapid increases in body temperature when exposed to 
radiation, especially when perched. This is likely a benefit for T. lineola, because 
this species inhabits meadows in eastern North America (Scott 1986) with com¬ 
paratively cool climates. Air temperatures during field observations of T. lineola 
in July were 6-26° C, and skippers maintained body temperatures necessary for 
flight by frequently basking in sunlight (Pivnick & McNeil 1986). In H. gracie- 
lae's environment of high air temperature and high insolation, rapid body tem¬ 
perature increase by exposure to radiation potentially is detrimental due to over¬ 
heating. Body temperatures elevated to 45° C for 2 h were found to decrease 
lifespan and fecundity in Colias (Kingsolver & Watt 1983). Although butterflies 
cool convectively in flight (Heinrich 1993), the stout bodies exhibited by skippers 
(Scott 1986) may limit their ability to cool convectively due to high wing-loading 
ratios, high wingbeat frequencies, and greater heat generation by flight-muscle 
contraction (Heinrich 1974). High wing-loading may contribute to the fluttering, 
moth-like flight H. gracielae exhibits (MacNeill 1970). The likelihood of over¬ 
heating, even during flight, therefore may be reduced by H. gracielae avoiding 
exposure to radiation and instead periodically perching or flying within the shade 
provided by vegetation, a thermoregulatory behavior observed in tropical butter¬ 
flies (Heinrich 1972). Comparative studies with other butterfly species would help 
in understanding H . gracielae's reliance on shade, the ecological consequences of 
this reliance, and the influence this behavior may have on the skipper’s restricted 
distribution and abundance. 
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Abstract .—In the U.S., Panonychus citri (McGregor) (citrus red mite) typically occurs on citrus 
in semi-tropical regions of California, Texas, and Florida. Its occurrence in the Willamette Valley, 
Oregon and its association with an ornamental host plant Skimmia japonica Thunberg are re¬ 
ported. To assess potential biological control of this pest, excess amounts of P. citri from S. 
japonica were provided to confined native predaceous phytoseiid mites of several species, in¬ 
cluding Amblyseius andersoni Chant, Metaseiulus occidentalis (Nesbitt), Neoseiulus fallacis 
(Garman), and Typhlodromus pyri Scheuten. Neoseiulus fallacis was also presented either with 
no food or with Tetranychus urticae (Koch) for comparison with P. citri. Survivorship, activity, 
cumulative oviposition per female per d, and cumulative immature production of the predaceous 
mites were assessed every 24 hours for seven days. Survival and oviposition by adult females 
and production of immatures by N. fallacis were higher with T. urticae vs. P. citri, but activity 
of adult females and survival of immatures were about the same with either prey. All measured 
attributes of N. fallacis were at lower levels without prey than with P. citri, except activity 
(greater). Adult females of T. pyri, M. occidentalis and N. fallacis demonstrated greater survival 
and oviposition rates than did adult females of A. andersoni. When with P. citri, M. occidentalis 
and N. fallacis had greater survival of immatures than did T. pyri or A. andersoni. When intro¬ 
duced to the host plant S. japonica, N. fallacis significantly reduced the densities of P. citri in 
five weeks when compared to pest mite populations lacking the predator. 

Key Words .—Acari, Panonychus citri, Skimmia japonica, ornamental plant, Phytoseiidae, Neo¬ 
seiulus fallacis, secondary plant chemicals. 


Spider mites are pests in ornamental nurseries (Weidhaas 1979, Mizell & Short 
1992), where they can reduce growth and can render plants unsightly and un¬ 
marketable (Schiffauer & Mizell 1988, Smitley & Peterson 1991). Although the 
ornamental plant Skimmia japonica Thunberg, produces chemicals (e.g., furano- 
coumarins) that deter feeding by some arthropods (Tanaka et al. 1985, Escoubas 
et al. 1993), two spotted spider mite ( Tetranychus urticae Koch) commonly infest 
this plant. In 1996-1997, samples of S. japonica were found to harbor high levels 
of another spider mite, Panonychus citri (McGregor) (citrus red mite), in nurseries 
and outdoor landscapes in western Oregon (PDP, unpublished data). Panonychus 
citri infests citrus plants of the subfamily Aurantioideae, but plants in the Tod- 
dalioideae, the subfamily of S. japonica (Mabberley 1987) were not previously 
recorded as hosts. Previously known distributions of P. citri in the U.S. include 
semitropical parts of California, Texas, and Florida (Jeppson et al. 1975, French 
& Hutchinson 1980), but not Oregon. 

Panonychus citri and associated predaceous phytoseiid mites occurring on cit¬ 
rus are well documented (McMurtry 1985), but they do not include species that 
are commonly found in western Oregon (Hadam et al. 1986). For example, Eu- 
seius spp. are most common on citrus but they are of semi-tropical and tropical 
distribution (McMurtry & Croft 1997). The combination of an introduced pest on 
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a non-native ornamental caused us to question whether the most common native 
phytoseiids of western Oregon, including Amblyseius andersoni Chant, Metaseiu- 
lus Occident alls (Nesbitt), Neoseiulns fallacis (Garman), and Typhlodromus pyri 
Scheuten (Hadam et al. 1986), could suppress P. citri populations. Neoseiulns 
fallacis is widely released on ornamentals and other crops to control spider mites 
(McMurty & Croft 1997). Our objectives in this study were: 1) to assess the 
ability of N. fallacis to reproduce and develop on P. citri compared to a highly 
preferred prey, T. urticae and similar abilities of A. andersoni, M. occidentals, 
and T. pyri, on P. citri; and 2) to assess whether N. fallacis could suppress P. 
citri on S. japonica in an ornamental production nursery. 

Methods and Materials 

Identification of P. citri Infesting S. japonica. —Spider mites found on S. ja¬ 
ponica were monitored at three ornamental nurseries and two landscape sites in 
western Oregon in 1996 and 1997. Nurseries were near Salem, Oregon and land¬ 
scapes were near Salem and on the campus of Oregon State University in Cor¬ 
vallis. Mites were sampled by taking 100 leaves at random from 20 plants located 
in an X pattern across 5-10 beds. Mites in landscapes were sampled by removing 
20-50 leaves at random from each of 10 S. japonica plants in a hedgerow. Leaves 
were placed in a cooler, transported to the laboratory, and mites were examined 
with a 40 X microscope. An unidentified spider mite species was found at all sites 
in 1996 and 1997. Adults of both sexes were mounted on glass slides and iden¬ 
tified by J. A. McMurtry and G. W. Krantz of Oregon State University. Specimens 
were placed in the acarology collection of Oregon State University. 

Feeding Tests of Four Predatory Mites. —Laboratory cultures of A. andersoni, 
N. fallacis, and T. pyri were originally collected from agricultural crops in the 
Willamette Valley, Oregon (Hadam et al. 1986). Metaseiulus occidentalis was 
collected from an apple orchard near Hood River, Hood River, Oregon (Croft et 
al. 1992). These cultures have been maintained for five years or more with yearly 
additions from field-collected specimens. Cultures were held at 25 ± 5° C, 16:8 
L:D, and 75-95% RH, and mites were fed mixed life stages of T. urticae three 
times per week. Prior to the experiment, all predatory mites were held without 
food for 24 h to produce similar levels of hunger. 

Tests for A. andersoni, M. occidentalis, N. fallacis, and T. pyri against P. citri 
were conducted simultaneously on 2.5 X 2.5 cm arenas constructed of waterproof 
paper and replicated eight times per species (Monetti & Croft 1997). Three adult 
female mites of a single species of about the same age were transferred to each 
arena. Excess mixed life stages of P. citri were provisioned every 24 h and arenas 
were placed in a 1 X 2 m environmental chamber at 25 ± 1° C, 80 ± 10% RH, 
and 16:8 L:D for 7 day. Neoseiulns fallacis, the predator of greatest interest, was 
also fed the optimal (with respect to reproduction) prey T. urticae or given no 
food. Arenas were briefly removed from chambers every 24 h to assess survi¬ 
vorship, activity (ambulation in the arena), cumulative oviposition per female per 
day, and cumulative production of immatures (larvae, protonymphs, deuto- 
nymphs). An index for survivorship of immatures was calculated on day 3-7 by 
dividing the number of immatures by the number of eggs present two days prior 
to the sampling of immatures (Croft et al. 1998). Means of each measured attribute 
were analyzed by analysis of variance (ANOVA) and Tukey’s HSD. 
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Biological control P. citri by N. fallacis on S. japonica in a nursery. —Prelim¬ 
inary feeding tests showed that N. fallacis would feed, reproduce, and develop 
on P. citri, but at lower rates than when provisioned with T. urticae. Because N. 
fallacis is often inoculated into crops, we were interested in its ability to control 
P. citri on S. japonica. In 1997, 10 three year old S. japonica (‘Female’) plants 
were potted in 3.8 liter containers. Plants were inoculated with P. citri to ensure 
uniform levels per plant. A randomized design was used within a single irrigation 
system and treatments were either release of three adult female N. fallacis per 
plant or no release (control). On 2 Jul, P. citri averaged 12 ± 3 (all life stages) 
per leaf and three adult female N. fallacis were released into the canopy of each 
S. japonica plant (Strong & Croft 1995). To estimate population densities, five 
leaves were randomly selected per plant (without replacement) every week for 
five weeks. Leaves were placed in a cooler, taken to the laboratory, and processed 
within two h. A 40 X microscope was used to count mites. To adjust for sampling 
the same populations over time, data were analyzed by repeated measures ANO- 
VA (von Ende 1993). 

Results 

Identification of P. citri on S. japonica. —As noted, specimens of the unknown 
pest mite infesting S. japonica in western Oregon were identified as P. citri. 
Routine sampling in both 1996 and 1997 indicated that P. citri was infesting S. 
japonica at all five locations that were sampled, suggesting that P. citri success¬ 
fully overwinters in western Oregon. Although not documented to species, nurs¬ 
ery growers had been aware of this pest mite and the damage it was causing for 
about five yrs (J. Mellot, personal communication). 

Feeding Tests of Predatory Mites. —When comparing food types of N. fallacis, 
survivorship was significantly different when mites were provisioned with T. ur¬ 
ticae > P. citri > starvation treatments (P < 0.05). Starvation increased the 
activity of N. fallacis but activity rates were similar when held with either prey 
mite (P < 0.05, Table 1). Neoseiulus fallacis produced more eggs and immatures 
per d when held with T. urticae vs. P. citri (P < 0.05), and egg production nearly 
ceased when predators were starved (Table 1). Immature survival was not differ¬ 
ent when N. fallacis was held with P. citri vs. T. urticae, but it was lower for the 
starvation treatment of N. fallacis (P < 0.05). 

Survivorship of mites fed on P. citri. was similar for N. fallacis, M. occidentals, 
and T. pyri, but significantly lower for A. andersoni (P < 0.05). Survivorship for 
all predators feeding on P. citri was <73% (Table 1). Activity did not differ 
among the four mite species (P < 0.05). Oviposition per d was similar for N. 
fallacis, M. occidentals, and T. pyri, but lower for A andersoni (P < 0.05). 
Neoseiulus fallacis and M. occidentals produced more immatures than A. ander¬ 
soni (P < 0.05), but immature production did not differ among T. pyri and the 
other three phytoseiids. The index of immature survival was similar among all 
four predaceous mites when provisioned with P. citri. 

Biological Control of P. citri by N. fallacis in an Outdoor Production Nurs¬ 
ery. — Neoseiulus fallacis significantly reduced P. citri on release plants of S. 
japonica when compared to control plants over five sample dates (P = 0.0001; 
df = 1,38; F = 43.42). In control plants, P. citri increased to 35 (± 9) mixed 
life stages per leaf before decreasing to 15 (± 5) at the end of the test (Fig. 1). 




Table 1. Survival, activity, oviposition and immature production of Neoseiulus fallacis, Metaseiulus occidentalis, Typhlodromus pyri, and Amblyseius andersoni 
when held with unlimited numbers of prey over 7 days. 


Predator mite 

Prey 

Survivorship 3 

Mean ± SD 

Activity^ 

Mean ± SD 

Egg/f emale/day c 

Mean ± SD 

IMM./f emale/dayd 

Mean ± SD 

Index c 

Mean ± SD 

Neoseiulus fallacis 

T. urticae 

1.00 ± 0.036a 8 

0.174 ± 0.112a 

2.854 ± 0.399a 

2.867 ± 3.429a 

1.036 ± 0.1566a 


Starvation 

0.363 ± 0.076c 

0.571 ± 0.132b 

0.071 ± 0.099c 

0.0 ± O.Od 

0.0 ± 0.0b 


P. citri 

0.729 ± 0.132b 

0.092 ± 0.089a 

1.262 ± 0.246b 

1.210 ± 0.469b 

1.022 ± 0.450a 

Metaseiulus occidentalis 

P. citri 

0.701 ± 0.098b 

0.170 ± 0.116a 

1.499 ± 0.474b 

1.388 ± 0.829b 

0.775 ± 0.517a 

Typhlodromus pyri 

P. citri 

0.667 ± 0.132b 

0.128 ± 0.097a 

1.607 ± 0.6986b 

0.982 ± 0.456bc 

0.575 ± 0.293ab 

Amblyseius andersoni 

P. citri 

0.315 ± 0.137c 

0.054 ± 0.059a 

0.333 ± 0.196c 

0.384 ± 0.484dc 

0.765 ± 1.018ab 


P-value f 

<0.0001 

<0.0001 

<0.0001 

<0.0001 

=0.0028 


a Percent female survival after 7 days in arenas. 

b Percent female activity (ambulation) within arena per 1 min observation per day. 
c Cumulative number of eggs produced per female per day. 
d Cumulative number of immatures produced per female per day. 

e Survivorship of immatures calculated on day 3—7 by dividing the number of immatures present by the number of eggs present 2 days prior to count. 
f Means of all tests were analyzed simultaneously by ANOVA, df — 5, 42. 

8 Means followed by different letters are significant at a = 0.05 (Tukey’s HSD). 
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Figure 1. Population levels of P. citri on S. japonica ‘Female’ after release of the predatory mite 
N. fallacis on week one. 

The decrease in pest mites in control plants may have been due to declining vigor 
or host suitability. In plants with N. fallacis, spider mites were reduced to 1.4 (± 
2) per leaf 3 weeks after the release of predators and remained low thereafter. 

Discussion 

We report establishment of P. citri on the ornamental, S. japonica, in western 
Oregon. Although this pest has overwintered successfully in this region, its long 
term survival potential over a cold winter is open to speculation. Our results 
suggest that P. citri can feed and reproduce on S. japonica, a plant that is only 
distantly related to citrus. Physiological effects on P. citri when feeding on Skim- 
mia are unknown. 

Feeding tests suggest that N. fallacis will survive and reproduce on P. citri, 
but it is more adapted to feed on T. urticae. These results are similar to those 
from other studies that compared predation of N. fallacis on Panonychus ulmi 
(McGregor) vs. T. urticae (Croft et al. 1998). Both assessments indicated that N. 
fallacis may prefer species of Tetranychus, which are prone to spin more copious 
webbing than other spider mite species. These data confirm the life type classi¬ 
fication for N. fallacis as a Type II selective predator that prefers Tetranychus 
over other tetranychid genera (Croft et al. 1998, Croft & McMurtry 1997). Our 
studies show that at least three of the four predator species could feed, reproduce 
and develop on P. citri, but survivorship in some was less than maximal. One 
explanation for low survival of N. fallacis may be the ability of P. citri to se¬ 
quester antifeedants of S. japonica (Escoubas et al. 1993, Tanaka et al. 1985). 
Reduced survival was surprising considering that all four species are effective 
biological control agents of the related P. ulmi (Croft et al. 1998, McMurtry & 
Croft 1997). Overall, fife history data should be viewed with caution, because 
searching by predators on paper arenas might be quite different from searching 
on leaves in nature. 

Activity was similar among all four predatory mites when given P. citri and 
like N. fallacis when held with T. urticae, suggesting that each predator probably 
was arrested by P. citri (Croft et al. 1998, Monetti & Croft 1997). Amblyseius 
andersoni had the lowest level of activity, but this measurement was affected 
considerably by increased mortality and morbidity of the predator. Although M. 
occidentalis and T. pyri demonstrate potential as predators of P. citri, more studies 
are needed to determine if these predators can maintain P. citri at low levels 
under actual field conditions. In limited field tests, N. fallacis was able to suppress 
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P. citri infesting S. japonica below damaging levels. Recent studies have dem¬ 
onstrated the ability of TV. fallacis to reproduce on many pests in nursery systems 
(i.e., several mites and insects) (Croft et al. 1998, PDP, unpublished data). These 
earlier studies and the data presented here suggest that TV. fallacis may effectively 
control multiple pests when inoculated into these and other plant systems. 
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THE EFFICACY OF INDIGENOUS PARASITOIDS IN THE 
BIOLOGICAL CONTROL OF SIPHONINUS PH1LLYREAE 
(HOMOPTERA: ALEYRODIDAE) ON POMEGRANATE 

IN EGYPT 1 

Shaaban Abd-Rabou 

Ministry of Agriculture, Plant Protection Research Institute, 

7 Nadi El-Seid StreetDokki-Giza 12618, Egypt 

Abstract .—The pomegranate whitefly, Siphoninus phillyreae (Haliday) (Homoptera: Aleyrodi- 
dae) is the most important pest of pomegranate in Egypt. Upper Egypt governorates hosts about 
95% of the pomegranate grown in Egypt. Indigenous parasitiods of S. phillyreae, from different 
localities in Egypt were manipulated, reared and mass produced for classical biological control 
in Upper Egypt, more than 82.019 parasitoids were released. Several releases were made between 
July to October in both 1995 and 1996. Releases of the following indigenous parasitiods of the 
pomegranate whitefly in Upper Egypt: Encarsia inaron (Walker), Eretmocerus mundus (Mercet), 
Encarsia lutea Masi, Eretmocerus corni (Haldeman), Encarisa davidi Viggiani, Encarsia galilea 
Rivnay & Gerling and Eretmocerus diversicilatus Silvestri (Hymenoptera: Aphelinidae). Increas¬ 
es of the rate of parasitism from 6 to 67% indicate that En. inaron is the most effective parasitoid 
in controlling S. phillyreae in Egypt. Other parasitoids found associated with S. phillyreae in 
other localities in Egypt were manipulated and released in Upper Egypt. Some of these parasit¬ 
oids became established in the release areas. 

Key Words. —Insecta, indigenous parasitoids, biological control, Siponinus phillyreae, pome¬ 
granate, Upper Egypt. 


The pomegranate whitefly, Siphoninus phillyreae (Haliday) (Homoptera: Al- 
eyrodidae) occupies a unique position as the only regularly recorded whitefly pest 
of deciduous fruit crops (Byrne et al. 1990). This species is a major and the most 
important pest of pomegranate in Egypt (Priesner & Hosny 1932). Elwan (1982) 
studied ecological and biological aspects of this whitefly on pomegranate trees in 
Egypt. Abd-Rabou (1994) recorded seven parasitoid species associated with this 
whitefly. The control of this pest in Egypt, however, still relies on the use of 
insecticides, such as dimethoate or Actellic in the summer during heavy whitefly 
infestations. In attempts to suppress this pest using biological control agents, Abd- 
Rabou conducted surveys of parasitoids attacking S. phillyreae on pomegranate 
trees in Egypt, and then mass reared Encarsia inaron (Walker) for release. 

This paper describes the results of releases of indigenous parasitoids on S. 
phillyreae in different distinctive localities in Egypt. 

Materials and Methods 

Mass rearing of parasitoids. —In the laboratory, the parasitoid En. inaron was 
successfully mass reared on infestations S. phillyreae that were feeding on pome¬ 
granate plant ( Punica granatum L.). During the summer, the parasites were reared 
at 25-27° C and 60-65% RH., using the method described by Abd-Rabou (1994). 
Encarsia davidi Viggiani, Encarsia galilea Rivnay & Gerling, and Eretmocerus 
mundus (Mercet) were collected and transported from El-Arish region which is 

1 Page charges partially offset by a grant from the C. P. Alexander Fund. 
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located Northeast Sinai and Eretmocerus corni Haldeman, Eretmocerus diversi- 
cilatus Silvestri and Encarsia lutea (Masi) were collected and transported from 
Assiut (Upper Egypt) and Giza (South Nile Delta) regions. 

Releases parasitoids- Parasitoids were released in pomegranate orchards at As¬ 
siut, El-Minya and Sohag during 1995 and at Beni-Suef, Fayoum and Giza during, 
1996. The orchards in which the parasites were released consisted predominantly 
of 7-10 year old trees of the cultivars El-Manfaloty, El-Araby and El-Nadrey. 
The trees were infested with S. phillyreae and no insecticieds were applied during 
the study period. 

Parasitism. —Prior to releasing the parasites in June, the density of the whitefly 
infestations and the level of parasitism were estimated by counting live, dead and 
parasitized whiteflies per leaf. Pomegranate leaves (20 infested leaves per sample) 
were transferred to the laboratory in well ventilated boxes. At the laboratory, S. 
phillyreae eggs and first instars were eliminated as well as other insects. Total 
number of S. phillyreae stages was recorded per leaf. Each leaf then was stored 
in well ventilated glass emergence tube and monitored daily for parasitoid emer¬ 
gence. The parasitoid adults were slide mounted in Hoyer’s medium and identified 
to species. 

The orchards were divided into sub-blocks each consisting of seven trees. One 
day old parasitoids were periodically released in the central tree of each block. 
Tubes containing adult parasitoids were tied on an infested portion of the central 
tree and then the tubes were opened at both ends to allow the parasitoids to crawl 
out slowly. The levels of parasitism following releases were determined at 4-5 
weeks from August to November as described above. 

Results 

Parasitoid releases 1995. —In Assiut, El-Minya and Sohag a total of 27,880 
En. inaron, 3270 Er. mundus , 2473 En. lutea , 241 En. galilea, 274 En. davidi, 
174 Er. corni and 45 Er. diversicilatus adults were released at different times 
between July and October 1995 (Table 1). 

Recoveries. — En. inaron was the only parasitoid recorded in June before the 
laboratory reared insects were released with parasitism rates of 10.8, 6 and 15.9% 
in Assiut, El-Minya and Sohag govemorates, respectively. However, parasitism 
rose to 67, 37 and 45% by the end of the season, indicating increased parasitoid 
activity (Table 2). 

Er. mundus was recovered in every release region and within a short time the 
parasitoid has spread through every district where releases had been made with 
parasitism rates reaching 7.3, 5.5 and 4.5% in Assiut, El-Minya and Sohag, re¬ 
spectively. 

En. lutea also was recovered at Assiut and Sohag with parasitism rates between 
0.5 to 1.5% and 0.3 to 1%, respectively. In the El-Minya region the parasitoid 
was sometimes seen in the release fields, days after the release but it was not 
recovered later. 

Er. diver si cilatus by contrast, was released only once and was never recorded. 
Similarly, En. davidi, despite numerous adults released, was never seen in the 
field or recovered from the emergence samples. 

En. galilea and Er. corni were sometimes seen in the release fields weeks after 
the releases. They were, however, not recovered later. 



Table. 1 Releases of the following indigenous parasitoids of the pomegranate whitefly into pomegranate orchards in Upper Egypt. Encarsia inaron, Eretmocerus 
mundus, Encarsia lutea, Encarsia galilea, Encarsia davidi, Eretmocerus corni and Eretmocerus diversicilatus. 

Number released of each species, (1995) Number released of each species, (1996) 

Er. Er. 


Locality 

Period 

Eft 

inaron 

Er. 

mundus 

En. 

lutea 

En. 

galilea 

En. 

davidi 

Er. 

corni 

diver- 

sicilatus 

Locality 

Period 

En. 

inaron 

Er. 

mundus 

En. 

lutea 

En. 

galilea 

En. 

davidi 

Er. 

corni 

diver- 

sicilatus 

Assuit 

3 July 

2250 

200 

140 

81 

25 

32 

45 

Beni-Suef 

14 July 

1910 

460 

125 

55 


33 



12 Aug 

1100 

320 

236 


13 




16 Aug 

2020 

250 

253 

97 


64 



6 Sept 

3910 

540 

121 

28 





17 Sept 

5860 

160 

338 



90 



10 Oct 

2730 

100 

215 

44 


46 



20 Oct 

4400 

175 

222 



26 

31 

El-Minya 

20 July 

1300 

110 

225 


58 



Fayoum 

16 July 

3220 

350 

117 


4 

45 

37 


21 Aug 

3660 

60 

328 


32 




20 Aug 

3750 

230 

233 




68 


25 Sept 

2100 

290 

211 



42 



24 Sept 

2250 

190 

482 


7 


45 


29 Oct 

1080 

370 

150 






25 Oct 

4340 

210 

254 


3 

53 


Sohag 

8 July 

4200 

430 

133 

37 

56 



Giza 

18 July 

2100 

630 

101 

62 

1 




13 Aug 

1700 

620 

317 

51 


33 



23 Aug 

3550 

440 

135 

76 





15 Sept 

1500 

150 

246 


61 

21 



24 Sept 

4120 

500 

349 

38 





18 Oct 

2350 

80 

151 


29 




27 Oct 

2300 

510 

266 

45 
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Table 2. The parasitism rates in population of pomegranate whitefly following the releases of 
Encarsia inaron, Eretmocerus mundus, Encarsia lutea, Encarsia galilea and Eretmocerus corni adults 
into pomegranate orchards. 


Parasitism rates (1995) Parasitism rates (1996) 


Locality 

Period 

En. 

inaron 

Er. 

mundus 

En. 

lutea 

En. 

galilea 

Er. 

corni 

Locality 

Period 

En. 

inaron 

Er. 

mundus 

En. 

lutea 

Er. 

corni 

Assiut 

2 June 3 

10.8 





Beni-Suef 

1 June 3 

3 






2 Aug 

17 

3 

1.5 


0.1 


12 Aug 

14.1 

1.8 

0.5 



3 Sept 

41 

5.6 

1 


0.5 


14 Sept 

21.3 

3.5 

1 



6 Oct 

67 

7.3 

1.5 

0.5 



17 Oct 

36.5 

4.2 

1.3 

0.2 


9 Nov 

51 

5 

0.5 

0.2 

1 


19 Nov 

29 

3.1 

0.8 

0.3 

El-Minya 

9 June 3 

6 





Fayoum 

4 June 3 

9 






19 Aug 

11.5 

0.5 

0.2 




15 Aug 

25 

0.3 





23 Sept 

25 

2.3 

0.1 




22 Sept 

43 

0.8 





28 Oct 

37 

5.5 





24 Oct 

45 

1 





30 Nov 

34.3 

3.7 





26 Nov 

40 

0.8 




Sohag 

9 June 3 

15.9 





Giza 

9 June 3 

21 






4 Aug 

18.3 

4.3 

0.3 




18 Aug 

39 

0.9 





12 Sept 

33.5 

8.1 

0.6 




21 Sept 

54.5 

1.1 





15 Oct 

45 

11.5 

1 


0.2 


22 Oct 

63.3 

1.1 





18 Nov 

38 

10.1 

0.5 




24 Nov 

60.1 

0.3 





3 Per-release level of parasitism. 


Parasitoid releases 1996. —Similarly, 39,820 En. inaron. 4105 Er. mundus, 
2857 En. lutea, 373 En. galilea, 15 En. davidi, 311 Er. corni and 181 Er. div- 
ersicilatus adults were released at Beni-Suef, Fayoum and Giza in 1996 (Table 
1 ). 

Recoveries. —Before the start of the release period in June, the parasitism rate 
by En. inaron was 3, 9 and 4% in Beni-Suef, Fayoum and Giza, respectively. 
The rate of parasitism gradually rose to 36.5, 45 and 36% by October. 

Er. mundus was recorded in every releases region with a rate parasitism reach¬ 
ing 4.2, 1 and 1.1% in Beni-Suef, Fayoum and Giza, respectively, at the end of 
season. 

En. davidi, En. galilea and Er. diversicilatus were not recovered, despite nu¬ 
merous adults released. 

En. lutea and Er. diver sicilatus were recovered only from the Beni-Suef region. 

Discussion 

Encarsia inaron. —This study found that En. inaron is the only parasitoid at¬ 
tacking S. phillyreae on pomegranat in Upper Egypt. The increased parasitism in 
the orchards at all localities (Table 2) resulted from the large number of En. inaron 
released. 

Eretmocerus mundus. —El-Helaly et al. (1971) recorded Er. mundus associated 
with Bemisia tabaci (Genn.) in Egypt. Abd-Rabou (1994) recovered Er. mundus 
from S. phillyreae in El-Arish region. El. Arish has colder and longer winter and 
higher relative humidity than all localities in Upper Egypt. Despite these weather 
differences Er. mundus was recovered in all regions in Upper Egypt. 

Encarsia lutea. —Abdel-Fattah et al. (1984) recorded En. lutea as a parasitoid 
of B. tabaci on tomato plants. Abd-Rabou (1994) found En. lutea associated with 
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S. phillyreae in Giza region. Attempts to collect and mass rear En. lutea in other 
locations in Upper Egypt were conducted during the present work. En. lutea was 
recovered in some regions, especially in South Upper Egypt which has a higher 
temperature then that in the orchards in this study. 

Encarsia davicli and Encarsia galilea. —Abd-Rabou (1994) recorded En. davidi 
and En. galilea as a parasitoids of S. phillyreae on pomegranat in El-Arish (North 
Sinai). El-Arish is isolated from the test localities by a vast desert. This may be 
responsible for the failure of establishment of these parasitoids on S. phillyreae 
on Upper Egypt except in Assiut, where En. galilea appeared with parasitism 
rates of 0.2 to 0.5% in the end of season. 

Eretmocerus diver sicilatus and Eretmocerus corni. —Khalifa & El-Khidir 
(1965) recorded Er. diver sicilatus for the first time from Egypt associated with 
B. tabaci. Abd-Rabou (1994) found this species to be associated with S. phillyreae 
in Giza region, Er. diver sicilatus was not recovered in Upper Egypt. Er. corni 
was recorded by Priesner & Hosny (1940) as a parasitoid of B. tabaci on Lantana 
camara L. Abd-Rabou (1994) recorded this species from S. phillyreae in Assiut 
region. Being an indigenous parasitoid, collected and mass reared from the Assiut 
region (Upper Egypt), this species was not recovered in El-Minya, Fayoum or 
Giza. 

Conclusions. —The parasitoid En. inaron has some potential for suppressing 
populations of S. phillyreae on pomegranate. To be successful, however, the par¬ 
asitoid needs to be released periodically in pomegranate orchards using relatively 
selective pesticide. 
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Abstract.—Adistemia okeefei Andrews, NEW SPECIES, is described from Costa Rica. Its rela¬ 
tionship to the genera Adistemia and Dicastria is discussed. 

Key Words. —Insecta, Coleoptera, Latridiidae, Adistemia, Dicastria, Costa Rica. 


The genus Adistemia is represented by 11 species from Chile and Peru, in¬ 
cluding the cosmopolitan species Adistemia watsoni Wollaston. Adistemia watsoni 
is commonly associated with stored products in commerce (Hinton 1941) and 
likely had a widespread distribution at the time of its description. Wollaston 
(1871) recognized this and, while describing it from Madeira, commented that it 
was likely not indigenous there because of a specimen in the British Museum 
from Chile. Dajoz (1974), in a revision of Adistemia of South America, treated 
11 species including A. watsoni. All of the species are known from Chile, although 
it is not clear that A. watsoni has been collected in nature. Adistemia rileyi was 
described from Lake Titicaca on the northern border of Chile and is known from 
within Chile. Berlese samples from Guanacaste Province, Costa Rica taken in 
July of 1996, have uncovered a new species. This new species occurs more than 
1000 land miles from the northern most reported locality for a South American 
Adistemia species. 

Adistemia okeefei Andrews, NEW SPECIES 

Figs. 1-5 

Description. —Length 1.13 to 1.40 mm ( n = 12). Width 0.43 to 0.50 mm ( n = 12). Elongate; head 
and pronotum cylindrical, elytra dorso-ventrally flattened, oval when viewed from above; unicolorous 
shiny reddish-brown. Dorsal Surface, Head elongate, cylindrical, longer than wide by ratio of 1.4:1.0; 
rounded, posteriorly with scattered short setae, densely punctured, punctures round with fine lines 
connecting adjacent punctures and forming a flower-like hexagonal pattern (Fig. 3); tempora 2X eye 
length; eyes lateral, at posterior one-third, reduced to four facets; antennae 11 segmented with 3 
segmented club, segment 3 small, rounded, segments 4 & 5 club-shaped, segments 5-7 oval, wider 
than long; club segments wider than long, narrowly articulated to preceding segments (Fig. 4); clypeus 
wider than labrum, laterally notched to receive expanded lateral portions of labrum (Fig. 3). Pronotum 
elongate, cylindrical, longer than wide by ratio of 1.1:1.0, punctures as on head; lateral margins evenly 
rounded, widest at middle; disk and lateral margins with scattered short setae; anterior and posterior 
margins with heavier, longer, semi-erect setae. Elytra length 5 6X longer than pronotal length; eight 
striate; punctures round, first stria with 23 disk punctures; interstria 3 raised, rounded; interstria 7 
raised rounded in median three-fourths; long erect setae peripheral to punctures and along margins of 
interstriae 3, 7 and lateral margins. Ventral surface. Mentum trapezoidal, with scattered round punc¬ 
tures and short setae. Prementum with transverse, narrow, depressed channel behind mentum extending 
to lateral margins. Area behind premental depression and lateral margins of head (prementum, gula 
and gena) punctured as on dorsal surface. Prostemum punctured similarly; coxae round, narrowly 
separated; intercoxal piece absent between coxae, slightly raised posterior to coxae. Mesosternum 
punctured as prosternum; intercoxal piece narrow, distinct, raised to middle of coxae. Metastemum 
and first abdominal stemite punctured as prosternum. 
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Figures 1-2. Adistemia okeefei. Figure 1. Dorsal habitus. Figure 2. Ventral habitus. 


Types. —Holotype: COSTA RICA. GUANACASTE.: 13.5 km SW of Bagaces, 
4 Jul 1996, S. O’Keefe, Berlese; deposited in the California Academy of Sciences. 
Paratypes (13): same data as holotype (4, one on SEM stub); 4.5 km W of Ba¬ 
gaces, 16 Jul 1996, S. O’Keefe, Berlese (2); 4 Jul 1996, (2); 4.5 km W of Bagaces, 
Rio Potrero, riparian forest, 21 Jul 1996, site 2, Berlese, S. O’Keefe col. (5); 
deposited in the collection of the California Department of Agriculture and the 
Shawn O’Keefe collection. 

Diagnosis —Rounded lateral pronotal margins as opposed to sharpley margined 
lateral pronotal margins separate A. okeefei from all other Adistemia species. 

Discussion—Adistemia okeefei shares characters with the genus Adistemia and 
Dicastria. Both of these genera are basically of Chilean origin. Adistemia okeefei 
and Dicastria have cylindrical pronotums, while the Adistemia pronotum in all 
other species is dorsoventraly flattened, and the lateral margins are expanded in 
the anterior one-half. Adistemia okeefi differs from Dicastria in the form of the 
antennal segments (loosely articulated as opposed to compactly articulated), shape 
of punctures (round as opposed to slit-like), nature of the pro- and mesocoxal 
interpiece and separation (narrowly separated with interpiece not raised above 
coxae), shape of the trochanters (cylindrical as opposed to disc-like) and lack of 
mesosternal fovea. This new species will key to couplet 6 in Dajoz’s (1974) key, 
which includes A. rileyi and A. jeanneli. Adistemia okeefei is easily separable 
from either of these species by the relative length of the pronotum compared to 
the elytra. The A. okeefei elytra is more than 5 times the length of its pronotum 


















176 



Figures 3-5. Adistemia okeefei. Figure 3. Clypeus and labrum. Figure 4. Antenna. Figure 5. Prono- 
tal sculpture pattern. 
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while the ratio in A. rileyi is 4.2, and in A. jeanneli it is 3.4. The single character 
that will differentiate A. okeefei from all described Adistemia is the form of the 
pronotum. In A. okeefei the pronotum is barrel-shaped, with the lateral margins 
evenly rounded and widest at the middle; the overall shape is cylindrical. In all 
other species the pronotum is somewhat dorsoventrally flattened; the lateral mar¬ 
gins have a gutter and/or are widest in the anterior one-half. The amount of 
Berlese work carried out in the neotropical region is meager, and many Latridiidae 
species are yet to be discovered. It is likely that additional species of Adistemia 
will be discovered in the area between this Costa Rican species and the many 
Chilean species. 

Etymology —Named for Shawn O’Keefe, who has collected all known speci¬ 
mens. 
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Scientific Note 

PUPAL CASE OF RHAPHIOMIDAS ACTON COQUILLETT 
(DIPTERA: MYDIDAE) AND BEHAVIOR OF 
NEWLY-EMERGED ADULT 

Rhaphiomidas is an enigmatic genus of flies. The adults are often huge; mem¬ 
bers of this genus are among the largest flies in North America. The flying and 
foraging behaviors of these diurnal and conspicuous insects are easily observed 
and the adults are not difficult to capture. Yet very little is known of the early 
life stages of these flies. Rhaphiomidas presently comprises 25 species and sub¬ 
species, many of which are discussed by R. Rogers & R. Mattoni in their review 
of the natural history of the genus (1993. Dipterological Research 4: 21—34). 
Whereas adult feeding has been observed in 13 of the 25 taxa, oviposition has 
been seen in seven species and mating has been observed in only two. 

On 19 Jun 1996, a newly-emerged male Giant Flower-loving Fly, Rhaphiom¬ 
idas acton Coquillett and its pupal case were found in the flood plain of the Santa 
Ana River, about 400 m (% mile) north of the present riverbed, near the City of 
Redlands, San Bernardino County, California. This account will be only the fourth 
published report of pupal emergence in the genus Rhaphiomidas and the first to 
detail the flying and feeding behaviors of the newly-emerged adult. 

Our discovery was made during a search for nesting sites of pollinators of the 
Santa Ana River Woolly Star, Eriastrum densifolium ssp. sanctorum (Milliken) 
H. Mason, one of the 12 most endangered plants in California (York, R. 1987. 
In Elias, T. Editor. Conservation and Management of Rare and Endangered Plants. 
California Native Plant Society). Our field crew had been trained to recognize R. 
acton. Specimens captured earlier from this area were identified as R. acton acton 
by John Wheeler and C. E. Jones using the revision of the genus by M. A. Cazier 
(1985. Bull. Amer. Mus. of Nat. Hist. 182: 181-263). Recently, however, one 
reviewer of this manuscript suggested that the specimens may actually be R. acton 
maculatus or an intergrade between the two subspecies (Rogers, R. 1998, personal 
communication). Thus the subspecific delineation of our observed insect remains 
uncertain. We would also like to note that this fly is by no means abundant in 
this region. In contrast to the dense populations described by Rogers & Mattoni 
(1993) for several species, since 1987 we have observed fewer than 25 R. acton 
individuals per acre and never more than three in a single field of view. 

At 1040 PDT, a male R. acton, with its pupal case, was found on the surface 
of the collapsed entrance to a rodent burrow. In contrast to the conditions de¬ 
scribed by Rogers & Mattoni (1993) for other emerging adults, the surrounding 
area was dotted with shrubs and subshrubs as close as 35 cm from the hole. 
Otherwise the ground was open and relatively clear of debris. The temperature 
of the soil was 46.5° C at the surface and 40.7° C about 3 cm below the surface. 
Later analysis of the soil from this site enabled us to classify the substrate as 
medium to very fine sand with 2.0% silt and 1.7% clay. This substrate was ho¬ 
mogeneous to a depth of at least one meter. 

When discovered, the fly had damp-looking, milky-opaque wings and did not 
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Figure 1. Pupal case of Rhaphiomidas acton acton. A. Lateral view of entire case. B. Ventral view 
of abdomen. C. Anterior/ventral view of head. D. Lateral view of head and thorax. 


move when approached or touched. After 20 min, the wings were transparent and 
the fly began to repeatedly vibrate its proboscis and pulsate its abdomen, moving 
it up and down. At 1103, the fly took its first flight Vi m to a dried E. d. sanctorum 
stem, paused, then flew another Vz m to a blooming E. d. sanctorum. It did not 
feed, but occasionally vibrated the proboscis and pumped the abdomen. The fly, 
its emergence hole and the surrounding habitat were photographed. After half an 
hour, it flew about Vi m to a California croton, Croton californicus, then about 
2 Vi m to another croton, and finally flew about eight m to a stand of E. d. sanc¬ 
torum where it began to feed. The proboscis was fully inserted into many floral 
tubes as the fly moved from plant to plant. After five min of feeding, it flew out 
of sight. The pupal case was brought back to the lab of Dr. C. Eugene Jones at 
California State University, Fullerton, where it is currently stored in the ento¬ 
mology collection. 

Our pupal case of R. acton is virtually indistinguishable from that of R. ter¬ 
minals Cazier as described by R. L. Hogue (1967. Bull. S. Calif. Acad. Sci. 66: 
49—53). With the exception of length (our case measures 35 mm long), every 
feature matches that in Hogue’s description. There may be important differences 
in the pupal cases, particularly in the spines of the terminal abdominal segment 
(Rogers, R. 1998, personal communication) but at present, with the data available 
to us, we are unable to make any distinction other than length. Figure 1 shows 
photographs of our pupal case taken from four different angles. 

To date, we have found no information on the habits or requirements of any 
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Rhaphiomidas larvae. Rogers & Mattoni (1993) describe hatching of eggs, in 
captive situations, of five species of Rhaphiomidas but have been unable to de¬ 
termine the diets of any of the larvae. In this instance and all other reports of 
Rhaphiomidas emergence, the pupal cases were discovered lying on the ground. 
Additionally, Cazier found a partial pupal case, possibly of R. acton, on the sand 
at Cronese Dry Lake, San Bernardino Co., California (Hogue 1967). Clearly, 
Rhapiomidas pupates in the ground and the pupal case is brought to the surface 
from a greater depth as the adult emerges. However, the behavior of larvae prior 
to pupation is entirely unknown. In their description of newly-hatched R. termi¬ 
nate abdominalis, Rogers & Mattoni (1993) suggest that the larvae may spend 
considerable time above ground. 

The Giant Flower-loving Fly has been shown to be an important pollinator of 
the Santa Ana River Woolly Star (Burk et al. 1989. Fremontia 17: 20-21). Al¬ 
though R. acton is not the only pollinator of E. d. sanctorum, examination of 
pollen loads on captured insects has revealed R. acton to be a remarkably constant 
pollinator, with an average percent constancy of 94.8% (Jones, C. E. & J. H. 
Burk. 1997, unpublished report prepared for Psomas and Associates. 22 pages 
and two appendices). Understanding this insect’s life cycle and its needs may be 
an important factor in efforts to protect this very rare plant. 
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SPIDERS FROM DIEGAN COASTAL SAGE SCRUB 

(ARACHNIDA: ARANEAE) 

Thomas R. Prentice , 1 Jutta C. Burger , 1 Wendell R. Icenogle , 2 

and Richard A. Redak u 

department of Entomology, University of California, 

Riverside, California 92521 
2 32 631 Grand Avenue, P.O. Box 277, 

Winchester, California 92596 

3 Center for Conservation Biology, University of California, 
Riverside, California 92521 

Abstract. —We provide the first species list of Araneae collected exclusively from Diegan (West- 
man) coastal sage scrub (CSS). Specimens (n = 14,553) were collected from pitfall trap and 
vacuum samples between June 1994 and May 1996 in sixty undisturbed coastal sage scrub plots 
in two regions of San Diego County, California. From these, 185 species, representing 32 ara- 
neomorph and two mygalomorph families, were separated; 160 were determined to species level. 
Pitfall traps provided 139 species; vacuum samples provided 76 species; 30 species occurred in 
both pitfall and vacuum samples but occurrence predominated in one or the other type of sample. 
Fifteen additional species (34 adult specimens), including members of two additional mygalo¬ 
morph families, were collected either in samples from plots maintained and sampled after May 
1996 or by hand between 29 May 1996 and 15 Jun 1998. Thirty-five species are believed to be 
new records for San Diego County, California. Four species are new records for California: 
Argiope blanda O. P.-Cambridge, Ceraticelus phylax Ivie & Barrows, Opopaea bandina Chick- 
ering, and Theridion llano Levi. Seven non-native species were among those collected in pitfall 
traps: Metaltella simoni (Keyserling), Dysdera crocata C. L. Koch, Trachyzelotes barbatus (L. 
Koch), Trachyzelotes lyonneti (Audouin), Urozelotes rusticus (L. Koch), Zelotes nilicola O. P.- 
Cambridge, and Oecobius annulipes Lucas. At least twenty of our 200 Diegan CSS species are 
believed to be undescribed. 

Key VTorJ^.-Arachnida, Araneae, spiders, species list, coastal sage scrub. 


California coastal sage scrub (CSS) (Davis et al. 1994) is believed to be one 
of the most rapidly disappearing environments in the country, resulting, for the 
most part, from both development and increased burning rate (Kirkpatrick & 
Hutchinson 1977, Minnich 1983, Chou et al. 1993). Under current urbanization 
rates in southern California, it seems inevitable that these ecologically sensitive 
CSS ecosystems will continue to recede and will soon be confined to protected 
reserves. Diegan CSS (Westman 1983), extending coastally from Orange County 
through San Diego County and into Baja California, is particularly threatened 
because the coastal regions in which these ecosystems thrive are highly sought 
after for both commercial and residential development. If for no other reason than 
posterity, a list of spiders of CSS is of considerable value, for it represents the 
only known spider survey conducted specifically in CSS, and, we believe, the 
most comprehensive species list of Araneae assembled for any one ecosystem in 
California. Our Diegan CSS list of 200 spider species, comprising approximately 
80% of the families, 40% of the genera, and 15% of the species recorded from 
the state of California, provides a database to conservationists, developers, and 
arachnologists alike. 

Previous general checklists of California spiders (Araneae) include those of 
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Moles & Johnson (1921), recording 218 araneomorph and 19 mygalomorph spe¬ 
cies, Chamberlin & Ivie (1941), recording 146 araneomorph and four mygalo¬ 
morph species, and Don J. Boe, compiling an unpublished, extraordinarily com¬ 
prehensive list of 1029 species in six mygalomorph and 39 araneomorph families 
(based on an earlier list by S. C. Johnson and W. R. Icenogle). Boe’s unpublished 
species list (Boe 1986: Notes for the Collection and Identification of the Spiders 
of California; copy of manuscript deposited in the UC Riverside Science Library) 
was last updated in July 1989, and took into account not only literary records 
since Chamberlin’s time, but locality data from California museum material. The 
above compilations catalogued the known Araneae of California. 

Regional species lists include those of Coolidge (1907) who catalogued 59 
araneomorph and four mygalomorph species from Santa Clara County, CA and 
an anonymous publication (1918) that listed 60 araneomorph and one mygalo¬ 
morph species from the ‘Claremont-Laguna Region’ of southern California. 

Among the species lists of California spiders are those that associate spider 
fauna with conventional monocultural agroecosystems. Tilden (1951) reported 29 
species in eight araneomorph families (12 families under current taxonomic clas¬ 
sification) associated with Baccharis pilularis consanguinea De Candolle in plant 
communities near San Jose, California. Yeargan & Dondale (1974) collected 36 
species in 14 families from alfalfa fields in Yolo County (two of the species from 
Butte County). Carroll (1980) reported 61 species in 20 families (22 families 
under current classification) from citrus groves in Tulare, Fresno, and Riverside 
counties. Costello & Daane (1995) collected 27 species in 14 families (15 families 
under current taxonomic classification) from grape vineyards in the San Joaquin 
Valley. 

Several other species lists, primarily from regions other than in California, 
focused on the spider fauna inhabiting heterogeneous ecosystems. The studies 
mentioned immediately below are more comparable to our study in that they were 
conducted in relatively complex plant communities or mosaics of community 
types in North America. Muma & Muma (1949) sampled the spider fauna from 
various vegetation strata within virgin Nebraska prairie (prairie, wooded ravine), 
finding 111 species in 15 families (18 families under current classification), and 
compared prairie spider composition to that found by Elliot in beech-maple forest 
in eastern Indiana and Lowrie in xeric dunelands near the Chicago area. Barnes 
& Barnes (1955) quantitatively sampled spider populations of broomsedge com¬ 
munities of the southeastern piedmont of North and South Carolina, Georgia, and 
Alabama and reported 85 species in 16 families (17 families under current clas¬ 
sification). Muma (1973) compared occurrence and relative abundance of the 
ground surface spiders in four central Florida ecosystems (sand-pine dune, pine 
flat-woods, citrus grove, and residential), reporting 126 species in 22 families (23 
families under current classification). Griswold (1977) recorded 115 araneomorph 
and one mygalomorph species in 17 families (20 families under current classifi¬ 
cation) from seven ecological zones during a study of Inglenook Fen near Fort 
Bragg in Mendocino County, California. Jennings et al. (1988) trapped 125 spider 
species in 15 families (16 families under current classification) in spruce-budworm 
infested spruce-fir forests in northern Maine. Draney (1997) discussed phenology 
and habitat selection of ground-layer spiders of a Georgia Piedmont floodplain 
agroecosystem (riparian fields and forest), reporting 112 species in 25 families. 
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Methods and Methods 

Study Sites. —Sixty 70 X 20 m sites representative of Diegan CSS vegetation 
were chosen on two military bases, Marine Corps Base Camp Pendleton 
(MCBCP) and Miramar Naval Air Station (MNAS), San Diego County, Califor¬ 
nia. Arthropods were collected by means of vacuum samples and pitfall traps 
from each site during each collecting period. Samples were collected in June 1994 
(vacuum only), December 1994, May 1995, August 1995, December 1995, and 
May 1996, producing a total of 360 vacuum samples (1800 subsamples) and 300 
pitfall trap samples (1500 subsamples) collected over six sampling periods. 

Vacuum sampling. —At each site, arthropods were sampled along a 50 m X 1 
m transect. Each transect was subdivided into 10 m segments. Each 10 m X 1 m 
segment was vacuumed for one min. Subsamples were pooled for each transect 
and arthropods were extracted from the resulting material using a modified light 
extracting technique as in Buffington & Redak (1998). 

Pitfall sampling. —Five pitfall traps were opened for a one week period at each 
site during each sampling period. Each trap consisted of a 473 ml (16 oz) plastic 
pitfall cup (9 cm internal diameter) equipped with a funnel that narrowed to 3.2 
cm and a fluid-filled collection cup (fluid composition: 2 tablespoons detergent 
and 1 tablespoon salt per 1 gallon water); the rim of each cup, when in position, 
was flush with the ground surface. A square masonite board, supported approxi¬ 
mately two cm above the ground by small wooden stakes, was placed over each 
pitfall. Boards protected pitfalls from flooding during rains or from desiccation 
during hot weather and provided a dark refuge for arthropods. Pitfall contents 
were strained and transferred into 80% ethanol within 12 h of collection. 

Museum Abbreviations. —AMNH = American Museum of Natural History, 
CAS = California Academy of Science, MCZ = Museum of Comparative Zo¬ 
ology. 

Species List (Table 1). —Only adult specimens were considered for our species 
list, except in the case of the black widow spider ( Latrodectus hesperus Cham¬ 
berlin & Ivie) (discussed below). Taxonomy and placement of species within 
genera and families follow Platnick (1989, 1993, 1997). Species determined only 
to the genus level were designated as sp. #1, sp. #2, etc. Gender and number of 
specimens collected are provided for each species for each season collected (May/ 
June, August, and December). Primary method of collection (Table 1) and geo¬ 
graphical regions of collection (Table 1, Figs. 1A, IB) are also provided for each 
species. Table 1 is the pivotal aspect of the manuscript and should be referred to 
throughout the course of the text. 

Specimens Examined. —A total of 14,558 specimens (5416 adults) from both 
pitfall and vacuum samples from MNAS and MCBCP were examined (including 
five specimens collected by pitfall or vacuum method after May 1996) in addition 
to 29 hand collected adult specimens (the latter are not reflected in specimen 
totals in Table 1 because of the method of collection used). All adults that were 
retained in our study collection will be deposited in the Entomology Research 
Museum, University of California, Riverside, as voucher specimens at the con¬ 
clusion of our extended coastal sage studies. 

Results and Discussion 

Diegan Coastal Sage Scrub Spider Fauna. —A total of 200 separable species 
(Table 1) was collected from CSS communities at MCBCP and MNAS, repre- 
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Figure 1. Maps of the areas of study in southern California. Plots are indicated by solid dots (•). 
Regional plot groupings are encircled by solid lines. A. Miramar Naval Air Station (regions A-F). B. 
Marine Corps Base Camp Pendleton (regions G-M). 

senting 112 genera in 32 araneomorph and 4 mygalomorph families; 173 of these 
species were determined to the species level. Gnaphosidae were represented by 
the greatest number of species (28), followed by Salticidae (26), Theridiidae (24), 
Linyphiidae (21), Dictynidae (16), Araneidae (13), Thomisidae (11), Philodrom- 
idae (7), Lycosidae (6), Agelenidae, Corinnidae, and Liocranidae (each with 4), 































Table 1.—A list of 200 species of Araneae from southern California coastal sage scrub (Diegan CSS) ecosystems at Miramar Naval Air Station (MNAS) and Marine 
Corps Base Camp Pendleton (MCBCP), Specimens f rom pitfall traps and vacuum samples were collected in June 1994 (vacuum samples only), December 1994, May 1995, 
August 1995, December 1995, and May 1996. Emblyna Hilda, Phidippus californicus, and females of Argiope argentata, Corinna bajula, and Plectreurys conifera were 
collected by pitfall or vacuum between December 1996 and August 1997 and are reflected in specimen totals. Specimens of 13 hand collected species are not included in 
totals. 


Species 

Geographic Regions 1 

Collectior 

i’ Collection Periods 3 

Spec. 


A-F, MNAS 

G-M, MCBCP 

Method 2 


May/June 

August 

December 

Total 

MYGALOMORPHAE 

Ctenizidae 

Bothriocyrtiim californicum (O. P.-Cambridge), 1874: 260 

(D) 

(M) 

(h) 





(20 





Cy rlau che n iidae 

Aptostichus sp. #1 (#118) 4 


K, M 

P 




2m 

2 

Mecicobothriidae 

Hexurella rupicola Gertsch & Platnick, 1979: 31 

C, E 


P 


8m 



8 

Theraphosidae 

Aphonopelma steindachneri (Ausserer), 1875: 199 

(E) 


(h) 





(20 

Aphonopelma sp. #1 {'eutylenum' type’): Prentice, 1997 
ARANEOMORPHAE 

Agelenidae 


(I, K) 

(h) 





(70 

Agelenopsis aperta Gertsch, 1934: 25 

A, C 

G, J, L, M 

P 



9f 

If 

10 

Calilena stylophora Chamberlin & Ivie, 1941: 610 

A-D 

G-I, K-M 

P 


If 

27m 9f 

4m 4f 

45 

Hololena dana Chamberlin & Ivie, 1942: 213 

A 

H 

P ! 




2m 

2 

Rualena balbaae (Schenkel), 1950: 82 

Amaurobiidae 

B 


P 




lm If 

2 

NN ’ sv Metaltella simoni (Keyserling), 1877: 358 


H 

P 


lm 



1 

Zanomys californica (Banks), 1904: 343 

A 


P 




If 

1 

Anyphaenidae 

Teudis rnordax (O. P.-Cambridge), 1896, in 1889-1902:182 

Araneidae 

A, C 


P, V 


lm If 


lm 

3 

Araneus andrewsi (Archer), 1951: 31 


(H, M) 

(h) 





(lm 20 

Araneus bispinosus (Keyserling), 1885: 34 

D 


V 


lm 



1 

SD Araneus detrimentosus (O. P.-Cambridge), 1889, in 1889-1902: 26 


(H, M) 

(h) 





(40 

Araneus pegnia (Walckenaer), 1841: 80 

C, E 


V 


3m 2f 

lm 


6 

Argiope argentata (Fabricius), 1775: 443 


G, H, K, M 

V 


3m 

lm If 


5 

04 Argiope blanda O. P.-Cambridge, 1898, in 1889-1902:348 

C 


V 



lm 

i 

i 

1 
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Table 1. Continued. 


Argiope trifasciala (Forskal), 1775: 86 

Cyclosa turbinata (Walckenaer), 1841: 140 C 

Eiistala califomiensis (Keyserling), 1885: 525 
Eustala conchlea (McCook), 1888: 99 
Hyposinga funebris (Keyserling), 1893: 37 
Larinia directa ( Hentz), 1847:478 
Metepeira crassipes Chamberlin & Ivie, 1942: 66 B, C, E, F 

ChihloJudae 

Cheiracanthium inclusum (Hentz), 1847: 451 A, D-F 

Corinnidae 

Castianeira occidens Reiskind, 1969: 211 
Castianeira thalia Reiskind, 1969: 192 
Corinna bajula Gertsch, 1942: 13 
Meriola decepta Banks, 1895: 81 
Cybaeidae 

Cybaeus sp. #1 (#320) 

Dictynidac 

SD Blabomma sancta Chamberlin & Ivie, 1937: 221 
Blabomma sp. #1 (#321) 

Blabomma sp. #2 (#239) 

Blabomma sp. #3 (#302) 

Cicurina utahana Chamberlin, 1919: 257 
Dictyna agressa Ivie, 1947: 2 
SD Dictyna cholla Gertsch & Davis, 1942: 12 
Dictyna sp. #1 (#237) 

SD Emblyna consulta (Gertsch & Ivie), 1936: 6 
Emblyna hoya (Chamberlin &Ivie), 1941: 7 
Emblyna linda (Chamberlin & Gertsch), 1958: 148 
Emblyna se.rena (Chamberlin & Gertsch), 1958: 134 
SD Tivyna moaba (Ivie), 1947: 2 

SD Tricholathys jacinto (Chamberlin & Gertsch), 1958: 20 
Tricholathys monterea (Chamberlin & Gertsch), 1958: 22 
Yorima angelica Roth, 1956: 4 

Digue tidae 

Diguetia canites (McCook), 1890, in 1889-1894: 135 


C 

A, C 
A 
A, B 
A, D 
A, C 
F 
C-E 
D, E 
E 
C 

A, B 
C 

B-D, F 
A, C 


D 

A-C 
C, E 


C 


n > o 


G 

V 


lm 

G, H, M 

V 

7m Ilf 

lm If 

G 

V 

lm If 



V 

If 


G, H, K 

V 

4f 



V 


lm 

G, K 

v,(P) 

3m 2f 

lm lm 

H, K 

v,(P) 

3m 2f 

lm If lm If 

G, J, L, M 

p 

3m 6f 

4m 

G, J-L 

p 

13m 6f 


L 

p 

2m 

If 

G 

p 

If 


G, K 

p 

If 

If 

K, M 

p 


2m 


p 


If 


p 


6m If 


p 


lm 

G, H 

p 

2f 

12m 

G, M 

p 

8m lOf 

lm 2f If 

M 

p 

3m 3f 

If 


V 

If 


G 

V 

2m 2f 

lm 

G, I, K 

V 

15f 

t 


p 

If 


G, L, M 

V 

lm 13f 



p 

5f 



p 

6m 


G-L 

p 

20m 14f 


G, L 

p 

26f 



V 

If 



1 

20 

2 
1 

4 
1 
7 

9 

13 
19 

3 

1 

2 

2 

1 

7 

1 

14 
22 

7 

1 

5 

15 
1 

14 

5 

6 

34 

26 

1 
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Table 1. Continued. 


Dysderidae 

NU Dysdera crocata C. L. Koch, 1839: 81 

Filistatidae 

Filistatinella sp. #1 (#163) A, B, D 

Filistadndla sp. #2 (#198) 

Gnaphosidae 

Callilepis eremella Chamberlin, in Cham. & Gertsch, 1928:177 A, B 

SD CaIlilepisgosoga Chamberlin & Gertsch, 1941: 10 B, C 

Cesonia trivittata Banks, 1898: 220 A, D 

Drassyllus conformans Chamberlin, 1936: 22 C 

SD Drassyllusfractus Chamberlin, 1936: 14 E, F 

Drassyllus insularis (Banks), 1900:97 A-F 

Drassyllus lamprus (Chamberlin), 1920: 193 A, C 

sv> Drassyllus saphes Chamberlin, 1936:29 D-F 

Gnaphosa californica Banks, 1904a: 335 C-F 

Herpyllus hesperolus Chamberlin, in Cham. & Gertsch, 1928: 176 B, C 

Herpylluspropinquus (Keyserling), 1887:430 A 

SD Micaria Capistrano Platnick & Shadab, 1988:36 j C 

Micaria deserticola Gertsch, 1933: 2 B, F 

SD Micaria icetioglei PJatnick & Shadab, 1988: 57 A-C 

Micaria jeanae Gertsch, 1942: 4 A-F 

Micaria utahna Gertsch, 1933; 3 B, C 

Nodocion eclecticus Chamberlin, 1934: 613 C 

Scopoides kastoni Platnick & Shadab, 1976: 20 A, E 

Sergiolus angustus (Banks), 1904:337 A-C, E 

Sergiolus gertschi Platnick & Shadab, 1981: 17 A, D 

Sergio Ins rnoiitanus (Emerton), 1890: 175 A 

NNl SD Trachyzelotes barbatus (L. Koch), 1866: 161 C 

UN TrachyzeIotes lyonneti (Audouin), 1827: 383 A-C, F 

m Urozelotes rusticus (L. Koch), 1872: 309 A, B 

Zelotes gabriel Platnick & Shadab, 1983: 139 A, C, D 

Zelotes gynethus Chamberlin, 1919: 7 A, C-F 

Zelotes monachus Chamberlin, 1924: 621 A-F 

NN Zelotes nilicola (O. P.-Cambridge), 1874: 380 A-C, E, F: 


G, K 

H, L 
G 


G, M 
G 

G 

G-M 
G, H 
G 

G, I, K 


L 

M 

H, M 
J, L, M 
G-I 


G, J, L 
G, J-L 
G, J, M 

G, H, K-M 
G-I, K 

G, H, J, L, M 
G, H, J, L, M 
G, H, M 


p 

3m 2f 

4m 3f 

i 

2f 

14 

p 

27m 6f 

If 

1 

34 

p 

5m 


| 

| 

5 

p 

3m 



3 

p 

23m 4f 

11m 2f 

1 

40 

p 

2m 

lm If 


4 

p 

3f 


| 

I 

3 

p 

4m 


| 

l 

4 

p 

132m 75f 

76m 108f 


391 

p 

lm 9f 



10 

p 

2m If 

If 

1 

4 

p 

9m 

3m If 

j 

13 

p 

2f 


1 

| 

2 

p 

lm 


! 

1 

p 

3f 



3 

p 

4m 2f 


lm If 

8 

p 

7m 6f 

lm If 


15 

P, (V) 

6m 41f 

2m 9f 


58 

p 

24m 14f 



38 

p 


If 

| 

: 

1 

p 


lm If 

I 

j 

2 

p 

14m 3f 


j 

17 

p 

9m If 

2f 

j 

12 

P, V 

3m 

2f 

| 

j 

5 

p 

lm 


f 

1 

p 

9m 6f 

15m 20f 

j 

50 

p 

4m 

37m 16f 

I 

I 

57 

p 

5m 4f 


\ 

9 

p 

9f 

lm 

26m Ilf | 

47 

p 

71m 24f 

4m 27f 

| 

126 

p 

31m 22f 

6m 6f 

I 

1 

65 
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Table 1. Continued. 


Hah nikW 

Calymmaria monicae Chamberlin & Ivie, 1937: 213 
Neoantistea santana Chamberlin & Ivie, 1942: 29 

Heteropodidae 

Olios schistus Chamberlin, 1919: 10 
Homalonychidae 

Homcilonychus theologus Chamberlin, 1924: 631 

Linyphiklae 

^Ceraticelus phylax Ivie & Barrows, 1935: 13 
Ceraticelus sp. #1 (#7) 

Erigone autumn alls Emerton, 1882: 58 
Erigone dentosa O. P.-Cambridge, 1894, in 1890-1902: 128 
Frontinellapyramitela (Walckenaer), 1841: 261 
Idionella sclerata (Ivie & Barrows), 1935: 14 
SD Linyphantes aliso Chamberlin &Ivie, 1942: 53 
Linyphanles sp. #1 (#236) 

Linyphantes sp. #2 (#220) 

Linyphanles sp. #3 (#221) 

Linyphantes sp. #4 (#342) 

Meioneta sp. #1 (#87) 

Meioneta sp. #2 (#53) 

Microlinyphia mandibulata punctata Chamberlin &Ivie, 1943: 24 
Ostearius melanopygius (O. P.-Cambridge), 1879: 696 
Spirembolus phylax Chamberlin & Ivie, 1935: 19 
sx> Spirembolus pusiUus Millidge, 1980: 128 
SD Spirembolus tortuosus (Crosby), in Chamberlin, 1925: 116 
Spirembolus sp. #1 (#234) 

Spirembolus sp. #2 (#341) 

sv> Tennesseellum formicum (Emerton), 1882: 71 

Liocranidae 

Agroeca trivittata (Keyserling), 1887' 444 
Drassinella gertschi Platnick & Ubick, 1989: 5 
SD Phrurotimpus mateonus (Chamberlin & Gertsch), 1930: 141 
Scotinella kastoni (Schenkel), 1950: 73 
Lycosidae 

Alopecosa kochii (Keyserling), 1876: 636 
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Table 


1. Continued. 


Pardosa californica Keyserling, 1887:483 

Pardosa ramulosa (McCook), 1894, in 1889-1894, pi. 30 

Pardosa sierra Banks, 1898:274 

Schiz.ocosa maxima Dondale & Redner, 1978: 165 

Schizocosa mccocrki (Montgomery). 1904: 283 

Mimetidae 

Mimetus eutypus Chamberlin & Ivie, 1935: 63 
Mimetus Hesperus Chamberlin, 1923: 5 

Miturgidae 

Syspira synthetica Chamberlin, 1924: 665 
Nesticidae 

Eidmannellapallida (Emerton), 1875: 297 

Oecobiidae 

NN Oecobius annulipes Lucas, 1849: 102 

Oonopidae 

04 Opopaea bandina Chickering, 1969: 144 
Orchestina moaba Chamberlin & Ivie, 1935: 10 
Scaphiella hespera Chamberlin, 1924: 594 

Oxyopidae 

Oxyopes salticus Hentz, 1845: 196 
Oxyopes tridens Brady, 1964: 472 
Peucetia viridens (Hentz), 1832: 105 

Phflodromidae 

Apollophanes texanus Banks, 1904: 113 
Ebo evansae Sauer & Platnick : 1972: 41 
Ebo mexicanus Banks, 1898: 256 
Philodromus chamisis Schick, 1965: 50 
Philodromus gertschi gertschi Schick. 1965: 53 
Philodromus quercicola Schick. 1965: 56 
Tibellus chamberlini Gertsch, 1933: 10 
Phokidae 

Psilocltorus sp. #1 (#103) 

Plec trcuridae 

Kibramoa guapa Gertsch, 1958: 38 
Plectreurys conifera Gertsch, 1958: 14 
Plectreurys tecate Gertsch, 1958: 13 


c, D, F 

G, K 

P, (V) 

9m 12f 

If 

6m 4f 

32 

[ 

A 


P 

lm 



i 1 

F 


P 

2f 



2 


(I) 

(h) 




(10 

A-F 

G-L 

P 


25m 37f 


62 

) 

A 


V 

If 



j 

C 

G 

V,p 

If 

If 


S 2 

\ 

A-F 


p 

14m 6f 



20 

| 


G 

p 


lm 


i 

1 

A-C, E 

G, H, J, K 

. 

P. (V) 

641m 168f 

31m 43 f 

4f 

887 


G 

p 



lm If 

2 

C 

G 

p 

lm 8f 



9 

A-F 

G, H, J-L 

p 

11m 23f 

3m 3f 

3m If | 

I 

44 

A-D, F 

G, H, J-M 

V, (P) 

23m 12f 

7m 19f 


61 

1 

A-D, F 

G, H, M 

V,p 

7m 4f 

If 


12 

C 


V 


lm 

; 

1 

1 


J 

1 

p 

If 


? 

1 

1 

C 


V 

lm 


j 

| 

1 

C 


V 



lf j 

1 

A, C-F 

G, I, K-M 

V, (P) 

4m 24f 



28 


G 

V 

2f 


j 

J 

2 


J 

p 

lm 


| 

j 

1 

A-C 

G, H 

V, (P) 

5m 8f 

If 

1 

2 

14 

A-F 

G-J, L 

p 

28m 18f 

24m 17f 

| 

4m 7f I 

1 

98 

D, E 


p 

lm If 

If 

i 

| 

3 

E 

G 

p 

2m 


lf | 

3 

D 


p 

2m 


1 

2 
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Table 1. Continued. 


Saldcidac 

Habronattus californicus (Banks), 1904: 117 
Habronattus elegans (Peckham & Peckham), 1901: 201 
Habronattus hirsutus (Peckham & Peckham), 1888: 64 
Habronattus uregonensis (Peckham & Peckham), 1888: 66 
Habronattus tarsalis (Banks), 1904:118 
Metacyrba taeniola (Hentz), 1845:353 
Metaphidippus diplacis (Chamberlin), 1934:686 
Metaphidippusmannii (Peckham & Peckham), 1901: 326 
Metaphidippus vitis (Cockerell), 1894: 207 
Peckhamia americana (Peckham & Peckham), 1892: 65 
Pellenes UmatusPeckham& Peckham, 1901:217 
Phanias sp #1 (#81) 

Phidippus adumbratus Gertsch, 1934: 15 
Phidippus califomicus Peckham & Peckham, 1901: 289 
Phidippus johnsoni Peckham & Peckham, 1883: 22 
Phidippus octo-punctatus (Peckham & Peckham), 1883: 6 
Phidippus sp. #1 (#336) 

Salticus palpalis (Banks), 1904: 360 

SD Sarinda culteri (Rich man), 1965: 133 

SD Sassacus papeithoei Peckham & Peckham, 1895: 177 

Sitticus dorsatus (Banks), 1895: 97 

Synageles noxiosus (Hentz), 1850: 288 

Synageles occidentalisC utler, 1987: 343 

SD Talavera minuta (Banks), 1895: 99 

Terralonus sp. (#1) 

Thiodina sp. #1 (#383) 

Scytodidae 
Scytodes sp.#l (#157) 

Tengellidae 

SD Liocranoides dclichopus (Chamberlin), 1919: 139 
Liocranoides sp, #1 (#104) 

Theridiidae 

SD Argyrodes fictilium (Hentz), 1850: 282 
Crustulina sticta O. P.-Cambridge, 1861: 432 
SD Dipoena abdita Gertsch & Mulaik, 1936: 6 



A-C, E 
D 


A, C-E 
A 

C-E 

A-E 

D 

A, D 
C 

(E) 


A, C, D 
A, C, D 


A-C, F 


G, H, J-M 
G 
L 
G 
G 

G, K, L 
G, H 
I, K-M 
G-M 
J 

(I, J) 

G 

(I -2.6 km N) 


G, J-L 


G, I, J, L 
G, L 

(M) 

G 

G, H, M 


p, (V) 

8m 50f 

14m 46f 

If 

P, V 

If 

If 

v,(P) 

lm 

lm 

lm If I 

p 

lm If 


p 

If 


p 

5m 

if 

V 

2m If 

2f 

V 

lm 3f 


V, (P) 

13 m 27 f 

5m 4f 

3m 7f | 

P, v 

2f 


! 

(h) 




V 

If 



(h) 




V 

If 



V 

If 


V 


If 

p 

If 


V, P 

2m 5f 


V 
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Table 1. Continued. 


SD Dipoena atopa (Chamberlin), 1948: 541 
Dipoenaprona (Menge), 1869: 177 
SD Enoplognatha selma Chamberlin & Ivie, 1946: 3 
Euryopis californica Banks, 1904: 345 

SD Euryopis spinigera O. P.-Cambridge, 1895, in 1889-1902: 146 

Latrodectus hesperus Chamberlin & Ivie, 1935: 15 

Steatoda washona Gertsch, 1960: 21 

SD Theridion cowlesae Levi, 1957: 31 

Theridion dilutum Levi, 1957: 37 

Theridion goodnightorum Levi, 1957: 41 

SD Theridion intervaUatum Emerton, 1915: 136 

04 Theridion llano Levi, 1957: 28 

Theridion melanurum Hahn, 1931: (pi. 3, fig. a.) 

Theridion murariumEmerton, 1882: 11 
Theridion punctipes Emerton, 1924: 29 
SD Tlteridion rabuni Chamberlin & Ivie, 1944: 53 
Theridion sp. #1 (#484) 

Thymoites expulsus (Gertsch & Mulaik), 1936: 9 
Thy modespallidus (Emerton), 1913: 213 
Thymoites sp. #1 (#514) 

Tidarren stsyphoides (Walckenaer), 1841: 321 

Thomisidae 

Coriarachne utahensis Gertsch, 1932: 5 
Misumenops aikoae Schick, 1965: 131 
Misumenops californicus (Banks), 1896: 91 
Misumenops importunus belh'ni Schick, 1965: 131 
Misumenops lepidus (Thorell), 1877: 498 
Misumenops ror/u Schick, 1965: 117 
Xysticus californicus Keyserling, 1880: 37 
SD Xysticus gulosus Keyserling, 1880: 43 
Xysticus iviei iviei Schick, 1965' 164 
Xysticus nevadensis (Keyserling), 1880: 50 
Xysticus pretiosus Gertsch, 1934: 6 


Total 


A, B, D, E 
A-C, E, F 


C.D.F 
E, F 

A-C 
C, D 
A, B, D 


G-J, M 

(H, +SE corner) 
G 

G, L, M 


M 

G, K, M 
G, H, K 


P 

P 

P 

V,P 

P 

(h*) 

P 

V 

V 

V 

V 

V,p 

(h) 

V 

V, (P) 
V, (P) 

V 

V 
p 
p 

V 

V 

V 

V, (P) 

V 
(h) 

V 
P 
P 


P,(V) 


2m If 
If 

lm 6f 
If 

2m 2f 
7m 14f 

2m If 
lm 6f 
4m 4f 
If 
2m 


lm 

lm 

2m 5f 


4m If 
3f 


lm 2f 
12m 3f 


3468 


3m If 
If 


lm If 


2m If 


lm If 
If 
lm 


1 Regions A-F of MNAS (Fig. 1A), regions G-M of MCBCP (Fig. IB). Bracketed letters indicate regions for hand collected species. 

2 P= collected by pitfall trap, V = collected by vacuum sample, (h) = hand collected (specimen numbers are bracketed and are not included in table totals). In instances 
where ‘P’ and ‘V’ are shown together, the species of reference was collected by both methods, but primarily by the method indicated by the first letter; bracketed second 
letter indicates that very few specimens were collected by that particular method. 

3 Number of specimens collected are recorded under each period, m=male, f=female. 

4 Number following an undetermined species number is the OTU reference number assigned to the particular species in our collection (i. e„ Aptostichus sp. #1 (#118)). 
ca.nn.sd (superscript to the left of listed species): CA = new species record for California, NN = non-native species, and SD = new species record for San Diego 

County, California. 

* Latrodectus hesperus was observed in most geographic regions but adults were not collected (referto ‘Hand Collected Species’ section in text). 
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and Oonopidae, Oxyopidae, and Plectreuridae (each with 3). All other families 
were represented by either one or two species. 

Because only adults were included on our species list, consequently and un¬ 
avoidably, all relative species abundance data in tables and text do not necessarily 
reflect actual relative abundance of species either present in samples or naturally 
occurring. However, family and species diversity data from our study were com¬ 
pared to diversity data provided in studies of monocultural ecosystems (Tilden 
1951, Yeargan & Dondale 1974, Carroll 1980, Costello & Daane 1995) and other 
more complex ecosystems composed of mosaics of habitat types (Muma & Muma 
1949, Barnes & Barnes 1955, Muma 1973, Griswold 1977, Jennings et al. 1988, 
Draney 1997) (Table 2). The lists of spider species collected in conventional 
monocultural agroecosystems (Table 2, studies in rows 8—11) clearly reflect lower 
species diversity than those of species collected in ecosystems composed of a 
mosaic of habitats (Table 2, studies in rows 1-7). 

Species Collected in August 1996—December 1997 Samples. —Adults of two 
additional species were collected in samples from sites maintained at MNAS after 
the termination of our primary study in June 1996 (m = male, f = female): 
Emblyna linda (Chamberlin & Gertsch) (pitfall trap, May 1997, If) and Phidippus 
californicus Peckham & Peckham (vacuum sample. May 1997, If); juvenile P. 
californicus were very common in vacuum samples from the primary study. Fe¬ 
males of three species (males collected during primary study) were also collected 
from these plots: Argiope argentata (Fabr.) (vacuum sample, Aug 1997, If), Cor- 
inna bajula Gertsch (pitfall trap, Aug 1996, If), and Plectreurys conifer a Gertsch 
(pitfall trap, Dec 1996, If). 

Hand Collected Species .—The following thirteen species were collected in CSS 
by hand at MNAS and/or MCBCP (designated in Table 1 by (h) under method 
of collection): Araneus andrewsi (Archer) (MCBCP: 11 Feb 1997, 2f; 17 Apr 
1998, lm), Araneus detrimentosus (O. P-Cambridge) (MCBCP: 11 Feb 1997, If, 
18 Feb 1997, If; 15 Apr 1998, If, 14 May 1998, If), Argyrodes fictilium (Hentz) 
(MCBCP: 18 Mar 1997, If), Latrodectus hesperns Chamberlin & Ivie, Theridion 
melanurum Hahn (MCBCP: 11 Feb 1997, lm, 13 Feb 1997, lm), Misumenops 
lepidus (Thorell) (MCBCP: 31 Mar 1997, lm), Schizocosa maxima Dondale & 
Redner (MCBCP: 6 Apr 1998, If), Pellenes limatus Peckham & Peckham 
(MCBCP: 6 Feb 1997, lm. If, 13 Feb 1997, If; 4 Apr 1998, If), Phidippus 
adumbratus Gertsch (MCBCP: 6 Apr 1998, If), Terralonus sp. (#1) (MNAS: 9 
Dec 1997, lm), Aphonopelma steindachneri (Ausserer); (Prentice 1997) (MNAS: 
6 Jun 1997, If, 12 Aug 1997, If), Aphonopelma sp. (feutylenum type’: Prentice 
1997) (MCBCP: 29 May 1996, If, 30 May 1996, 2f; 18 Mar 1997, If, 31 Mar 
1997, 2f, 8 May 1997, If), Bothriocyrtum californicum (O. P.-Cambridge) 
(MCBCP: 18 Mar 1997, If); MNAS: 15 Jun 1998, If). 

Although L. hesperus adults were not collected in study samples (juveniles 
were collected) nor by hand at either MCBCP or MNAS, Kaston (1970) reported 
it to be the only Latrodectus species occurring in southern California. In addition, 
one of us (TRP) has collected adults from several CSS communities in Riverside, 
San Bernardino, and San Diego counties. For these reasons L. hesperus is included 
on our species list and is here considered a prevalent CSS species. 

Common Species .—Eight species were represented by >100 specimens which, 



Table 2. Comparison of family and species diversity in coastal sage scrub spider fauna to that of spider fauna in other complex ecosystems (studies in rows 
2-7) and in monocultural agroecosystems (studies in rows 8-11). 


Study 

Location 

Habitats 


Collection methods Specimens examined 

Families 

Species 

Present study 

Draney 1997 

Southern California: 
Co. 

Georgia Piedmont 

San Diego Diegan CSS 

riparian fields and 
forest 

pitfall and vacuum 
primarily, hand 
pitfall primarily, 
vacu um/sweepnet, 
hand, unknown 

14,587 

36 

26 

200 

145 

Jennings et al. 1988 

Northern Maine 

spruce-fir forest: 
clearcut, residual 
strips, dence stands 

pitfall trap 

11,107 

15(16) 

— 125 

Griswold 1977 

Northern California: Mendocino Inglenook Fen: litto- 

Co. ral, beach, grass¬ 

land, fen, fen carr, 
fen dune, dune 

vacuum, sweepnet, hand 
collecting, sifting, beat¬ 
ing and sweeping 

>1000 

17(20) 

115 

Muma 1973 

Central Florida 

sand-pine dunes, pine 
flatwoods, citrus, 
residential 

pitfall trap 

6307 

22(23) 

126 

Barnes & Barnes 1955 

Southeast. Piedmont: N & S broomsedge, herba- 

Carolina, Georgia, Alabama ceous level 

sweepnet 

5615 

16(17) 

85 

Muma & Muma 1949 

Nebraska prairie 

prairie, wooded ravine 

soil washer/Berlese funnel, 
hand sort, sweepnet, 
pitfall trap 

5311 

15(18) 

111 

Costello & Daane 1995 

California: San Joaquin Valley: grape vineyards 

San Joaquin, Madera, Fresno 
counties 


beating and shaking 

>11,000 

14(15) 

27 

Carroll 1980 

California: Fresno, Tulare, River- citrus groves 

side counties 


beating, hand, vacuum, 
litter/Berlese funnel, 
pitfall trap 


20(22) 

60 

Yeargan & Dondale 1974 

Northern California: Yolo Co. alfalfa fields 


vacuum, pitfall trap, 
sweepnet, hand 

14,552 

14 

36 

Tilden 1951 

California: Stanford U. campus Baccharis pilularis 

primarily (spiders only) consanguinea De 

Candolle 



8(12) 

29 
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when summed, provided approximately 65% of the specimen total. These species 
are discussed below in order of decreasing relative abundance: 

Ceraticelus sp. #1 (Linyphiidae): Vacuum samples from 59 plots provided 1617 
specimens which comprised nearly 30% of the study total. Ceraticelus sp. #1 was 
collected in vacuum samples from all study plots except one at MNAS and fre¬ 
quently was collected with C. phylax Ivie & Barrows (1935). Adults occurred in 
all sampling periods but were most prevalent in May/June (68%) followed by 
August (26%). Approximately 45% of the specimens were collected from region 
A at MNAS (Fig. 1A) with two plots providing one-third of the specimen total. 
These latter plots were characterized as south facing slopes with few rocks and 
relatively dense shrub cover dominated by Artemisia californica Lesson (codom¬ 
inant with Salvia apiatia Jepson in one plot and a minor shrub in the second) and 
S. apiana (dominant in the second plot). Minor shrub cover in both plots included 
Mirabilis californica A. Gray, Baccharis sarothroides A. Gray, and Salvia mel- 
lifera E. Greene, and ground cover consisted primarily of leaf litter, scattered 
annual grass, and patchy bare ground. Ceraticelus sp. #1 is orange in color with 
a dusky dorsoabdominal pattern. The males averaged approximately 1.55 mm and 
are equipped with a nearly complete dorsoabdominal sclerite. Females averaged 
approximately 1.65 mm in length and lacked a dorsal sclerite. Genitalia of both 
sexes are most similar to the respective genders of C. phylax but are consistently 
distinguishable from the latter by these characters and by the relative width and 
height of the cephalic region. 

Oecobius annulipes Lucas (Oecobiidae): Pitfall samples from 30 plots provided 
887 specimens (16% of the study specimens). Refer to ‘Non-native species’ sec¬ 
tion below. 

Drassyllus insularis (Banks) (Gnaphosidae): Pitfall samples from 54 plots pro¬ 
vided 391 specimens (7.2% of the study specimens). Drassyllus insularis was our 
most predominant (known) native species. It was absent only from particular plots 
along the coast (refer to Indications of Competitive Displacement by a Non-native 
Species section below). In California, D. insularis is known from 37 counties in 
northern to southern California (Platnick & Shadab 1982). 

Spirembolus pusillus Millidge (Linyphiidae): Pitfall samples from 24 plots pro¬ 
vided 130 specimens (2.4% of the study specimens). Collected almost exclusively 
in December samples and often with Spirembolus tortuosus (Crosby), S. pusillus 
occurred in all geographic regions except G, I, and J at MCBCP (Fig. IB). The 
species is known from one locality in southern Oregon and from several counties 
in northern to southern California (Millidge 1980). 

Zelotes monachus Chamberlin (Gnaphosidae): Pitfall samples from 39 plots 
provided 126 specimens (2.3% of the study specimens). The species was absent 
in samples from all lowland coastal plots in regions G and H (Fig. IB) but 
occurred in samples from five S to SE facing hillslope plots (two and three plots 
in regions G and H, respectively). In California, Z. monachus is known from five 
southern counties (Platnick & Shadab 1983). 

Spirembolus tortuosus (Crosby) (Linyphiidae): Pitfall samples from 36 plots 
provided 124 specimens (only two females) (2.3% of the study specimens). Col¬ 
lected exclusively in December samples, S. tortuosus occurred in samples from 
66% of the plots with S. pusillus and in one additional geographical region (G) 
at MCBCP (Fig. IB). Spirembolus tortuosus is known from one locality in north- 
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em Oregon and several counties in northern to southern California (Millidge 
1980). 

Habronattus californicus (Banks) (Salticidae): Pitfall and some vacuum sam¬ 
ples from 40 plots provided 119 specimens (2.2% of the study specimens). The 
species was least abundant or absent from densely shrubbed plots with either a 
disproportionate amount of bare ground or excessive leaf litter between shrubs. 
It is known only from eight counties in central to southern California (Griswold 
1987). 

Phrurotimpus mateonus (Chamberlin & Gertsch) (Liocranidae): Pitfall samples 
from 34 plots provided 110 specimens, 91% females (2% of the study specimens). 
Phrurotimpus mateonus was previously known only from San Mateo Co., Cali¬ 
fornia (Chamberlin & Gertsch 1930); Boe indicates additional records in Alameda, 
Contra Costa, Tulare, and Riverside counties. 

New Species Records for California. —Changes in ecosystems may produce 
changes in fauna that are dependent on the adaptability of the species involved 
as well as on abiotic factors. Possible examples of faunal changes are suggested 
by the presence of species that are, for the first time, recorded from either the 
state of California or San Diego County, California. The following four species 
are here recorded as new species records for California (denoted by the superscript 
‘CA’ in Table 1): 

Argiope blanda O. P.-Cambridge (Araneidae): The previously known distribu¬ 
tion of A. blanda extended from southern Texas to Costa Rica (Levi 1968). Our 
single male was collected in the north-central region of MNAS (Fig. 1A, region 
C) from a SE hillslope plot with a dense shrub canopy composed primarily of 
Salvia mellifera and Adenostoma fasciculatum Hooker & Amott. 

Opopaea bandina Chickering (Oonopidae): The description of O. bandina was 
based on a female from Pinellas Co., Largo, Florida; the other eight known spec¬ 
imens examined (females) had Florida locality data (Chickering 1969): one par- 
atype, one from Aluachua Co., two from Edgewater, Florida (in MCZ), three from 
Lake Placid, and one from De Soto City (the latter four in AMNH); the male is 
undescribed. Our single male and female were collected in December 1994 and 
1995, respectively, from a dense shrubby, northern lowland coastal plot at 
MCBCP (Fig. IB, region G); this plot also provided one of the four highest 
specimens counts of Zelotes nilicola (O. P.-Cambridge). The major shrub canopy 
was composed of Artemisia californica, Eriogonum fasciculatum Bentham, and 
Encelia californica Nuttall; the ground cover was a mosaic of leaf litter and bare 
ground with few rocks. 

Ceraticelus phylax I vie & Barrows (Linyphiidae): The description of C. phylax 
was based on specimens from Chickasha, Oklahoma; the only other known col¬ 
lection localities were in Florida (Ivie & Barrows 1935) and near Lincoln, Ne¬ 
braska (Muma & Muma 1949). Our specimens were collected only at MCBCP 
in May/June and August samples from 13 plots (generally, together with Cera¬ 
ticelus sp. (#1) in the same samples). Ceraticelus phylax was found in all sampling 
regions except in the extreme northwestern corner of the base (Fig. IB, region 
J). The species was most common in two coastal plots, 2.4 and 1.6 km (region 
H), respectively, from the ocean, which both yielded a nearly equal number of 
specimens. These were the same plots that provided the greatest and second great¬ 
est numbers, respectively, of Zelotes nilicola specimens, the former plot also pro- 
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viding the male of Metaltella simoni (Keyserling) and the latter plot providing 
the second greatest number of Uroz.elotes rusticus specimens. Ceraticelus phylax 
was also collected, with Ceraticelus sp. #1, from a non-study area near Temecula, 
California on Artemisia californica. 

Theridion llano Levi (Theridiidae): Known otherwise from Texas (Llano and 
Starr counties) (Levi 1957), T. llano was collected in 19 plots at both MCBCP 
and MNAS, but primarily from 13 plots at the latter (Figs. 1 A, IB). Eriogonum 
fasciculatum, Baccharis sarothroides, Salvia apiana, Adenostoma fasciculatum, 
and Yucca whipplei Torrey were often associated with those plots yielding the 
greatest numbers of specimens. 

New San Diego County Records. —Thirty-five species are new records for San 
Diego County (indicated in Table 1 by the superscript ’SD’); the majority of these 
species have been recorded from adjacent or other neighboring counties. County 
listings are provided here for seven species (including non-native species) that 
were collected only in counties north of and including Santa Barbara County: 
Araneus detrirnentosus (O. P.-Cambridge): Monterey and Santa Barbara counties 
(Levi 1973), Blabomma sancta Chamberlin & Ivie: Santa Barbara County (Cham¬ 
berlin & Ivie 1937), Trachyzelotes barbatus (L. Koch): Contra Costa and Marin 
counties (Platnick & Murphy 1984), Argyrodes fictilium (Hentz): Marin, Monte¬ 
rey, Santa Clara, and Santa Cruz counties (Exline & Levi 1962), Dipoena atopa 
(Chamberlin): Fresno Co. (Levi 1953), Euryopis spinigera O. P.-Cambridge: 
Mono, Santa Barbara, and Sonoma (?) counties (Levi 1954), Theridion interval- 
latum Emerton: Santa Barbara, Santa Cruz, and Monterey counties (Levi 1957). 

Undescribed Species. —Twenty of the 200 species collected are believed to be 
undescribed, 19 araneomorph and one mygalomorph species. They are as follows: 
Cybaeus sp. #1 (Cybaeidae), Blabomma sp. #2, #3 (Dictynidae) (Blabomma sp. 
#1 is probably the female of sp. #3 male; the status of the Cybaeus and Blabomma 
species was determined by D. Ubick (CAS)), Filistatinella sp. #1, #2 (Filistati- 
dae), Ceraticelus sp. # 1 (Linyphiidae), Linyphantes sp. #1, #2, #3 (Linyphiidae) 
(species #4 is probably the female of either species #2 or #3 mal e),Meioneta sp. 
#1, #2 (Linyphiidae), Psilochorus sp. #1 (Pholcidae), Phanias sp. #1 (Salticidae), 
Terralonus sp. #1 (Salticidae), Thiodina sp. #1 (Salticidae) (the status of the 
former two salticids was determined by W. Maddison (University of Arizona, 
Tucson)), Scytodes sp. #1 (Scytodidae), Liocranoides sp. #1 (Tengellidae) (the 
status of the Liocranoides species was determined by D. Ubick (CAS)), Theridion 
sp. #1 (Theridiidae), Thymoites sp. #1 (Theridiidae), Aptostichus sp. #1 (Cyrtauch- 
eniidae) (the status of the Aptostichus male was determined by J. Bond (Virginia 
Polytechnic Institute and State University)). 

Rare Species. —The following three species from CSS samples are here con¬ 
sidered rare: 

Opopaea bandina Chickering (Oonopidae): This species was discussed above 
in the ‘New species records for California’ section. Based on the measure of a 
limited number of known specimens (Chickering 1969), O. bandina should be 
considered rare. 

Micaria Capistrano Platnick & Shadab (Gnaphosidae): The description of this 
species was based on a female (holotype) from Orange Co., California, near the 
Riverside Co. line, “12 mi. E of Capistrano”. Only one additional female from 
the U.S.A. (Box Springs Mountain Park, Riverside Co., California) and four fe- 
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males from Baja California (San Jose) were previously known (Platnick & Shadab 
1988). Two of our three females were collected at MNAS (Fig. 1A, region C), 
the third was collected at MCBCP (Fig. IB, region L); the male remains unknown. 
Based on the measures of a limited number of known specimens and an unknown 
male, M. capistrano should be considered rare. 

Micaria icenoglei Platnick & Shadab (Gnaphosidae): The species description 
was based on a male holotype and female allotype from Winchester, Riverside 
Co., California; only five additional specimens were known, (2 males, 3 females), 
also from Winchester (Platnick & Shadab 1988). We collected 15 specimens, 8 
males and 7 females, from nine plots, six at MNAS and three at MCBCP (Table 
1; Figs. 1A, IB). Even though several additional specimens have now been col¬ 
lected, all known M. icenoglei material has come from CSS ecosystems. In light 
of the apparently limited distribution of the species, the general concern over the 
status of the species habitat, and the limited number of specimens in hand, M. 
icenoglei, should be considered rare. 

Non-native Species. —The following seven non-native species were collected 
in CSS samples and are discussed below in order of decreasing relative abundance 
(denoted by the superscript ’NN’ in Table 1). The first four species listed, O. 
annulipes, Z. nilicola, U. rusticus , and Trachyzelotes lyonneti (Audouin) were 
among the top twenty most frequently collected species. Urozelotes rusticus, Dys- 
dera crocata C. L. Koch and O. annulipes are considered synanthropic species; 
U. rusticus and O. annulipes are also considered cosmopolitan. 

Oecobius annulipes Lucas (Oecobiidae): Origin unknown, O. annulipes is dis¬ 
tributed within the USA primarily in coastal and gulf states (Tennessee and Ari¬ 
zona are exceptions). Its establishment “out-of-doors” only in the southwestern 
part of the United States and south into Mexico (Shear 1970), suggest the species’ 
non-native origin. The species is apparently widely distributed in CSS at MNAS 
and in the western half of MCBCP, but occurred in only about half of the plots 
within each base; approximately 70% of the specimens were from coastal plot at 
MCBCP (Fig. IB, region G). It was predominantly collected in May/June samples 
(91%); only four females were collected in December samples. Oecobius annu¬ 
lipes was the most common pitfall species. Refer to ’Common species’ section 
above. 

Zelotes nilicola (O. P.-Cambridge) (Gnaphosidae): A Mediterranean species, Z. 
nilicola is known only in the USA from southwestern Arizona and five southern 
California counties (in San Diego County, as early as 1955) (Platnick & Shadab 
1983). It was previously collected at MCBCP “8 mi. N Oceanside” by Gertsch, 
Ivie, and Schrammel, 30 Mai' 1960 (Platnick & Shadab 1983). Although we col¬ 
lected the species at both MNAS and MCBCP (May/June and August samples), 
over 65% of the specimens were in samples from MCBCP and of these, approx¬ 
imated 75% were from plots within 2.4 km of the coast and between 21 and 26 
km N of Oceanside. Two plots (Fig. IB, regions H, G) with the second and third 
highest specimen counts, respectively, provided the second and first highest 
counts, respectively, of U. rusticus. At MNAS, Z. nilicola was sparsely distributed 
in all regions except the northwestern quarter of the eastern third of the base. The 
species was collected in 19 plots and was the tenth most common pitfall species 
and the eleventh most common species from combined sampling methods. 

Urozelotes rusticus (L. Koch) (Gnaphosidae): Origin unknown, U. rusticus has 
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a worldwide distribution although it is apparently absent in Australia and New 
Zealand (Platnick & Murphy 1984). It is now reported in the USA in at least 
twenty states and, in California, in thirteen counties (in Los Angeles County, as 
early as 1904) (Platnick & Murphy 1984). In our study, U. rusticus was collected 
in ten plots primarily at MCBCP (only two males from MNAS), with more than 
80% of the specimens coming from three lowland plots near the installation’s 
northern coastal boundary, within 1.6 km of the ocean (Fig. IB, regions G, H). 
No specimens were taken from northwestern, northeastern, and eastern plot clus¬ 
ters at MCBCP (Fig. IB, regions J, L, M). Zelotes nilicola was found in 70% of 
the plots in which U. rusticus occurred. Urozelotes rusticus was the sixteenth 
most common species from combined sampling methods. 

Trachyzelotes lyonneti (Audouin) (Gnaphosidae): A Mediterranean species, T. 
lyonneti has been recorded in Illinois, Missouri, Texas, and 12 counties in Cali¬ 
fornia (from Solano County to San Diego County; in Santa Clara County, as early 
as 1924) (Platnick & Murphy 1984). More widely and evenly distributed than U. 
rusticus at both MCBCP and MNAS, T. lyonneti was collected in relatively even 
numbers from 19 plots, 14 of which were at MCBCP. Ten of these 14 plots were 
coastal (Fig. IB, regions G, H), providing over 65% of the specimen total. The 
species was not collected in regions D and E of MNAS nor in regions I and J of 
MCBCP. It was found in 70% and 37%, respectively, of the plots in which U. 
rusticus and Z. nilicola occurred. Trachyzelotes lyonneti was the seventeenth most 
common species from combined sampling methods. 

Trachyzelotes barbatus (L. Koch) (Gnaphosidae): Distributed from Spain to 
Yugoslavia, T. barbatus has been recorded in the USA only in California (Contra 
Costa County, 1980, and Marin County, 1982) (Platnick & Murphy 1984). We 
found a single male in a June pitfall sample from the central region of MNAS 
(Fig. 1A, region C) which represents a new record of this species for San Diego 
County. Zelotes nilicola was also taken from the same plot. 

MetaJtella simoni (Keyserling) (Amaurobiidae): Originating in Argentina and 
Uruguay, M. simoni was first recorded in the USA in Louisiana in 1944 (Leech 
1972). Since then, distribution records indicate its occurrence also in Mississippi, 
Florida, North Carolina, California, and in Alberta, Canada (Leech 1972, Vetter 
& Visscher 1994). We collected a single male at MCBCP from a northern coastal 
plot approximately 2.4 km inland from the ocean (Fig. IB, region H); this plot 
also provided O. annulipes, U. rusticus, juvenile Trachyzelotes and D. crocata, 
and the greatest number of Z. nilicola specimens. 

Dysdera crocata C. L. Koch (Dysderidae): Widely distributed in the United 
States, D. crocata is recorded in California from San Diego to Placer County. All 
adults (except three females) and the vast majority of juveniles were collected in 
samples from northern coastal plots at MCBCP (Fig. IB, region G). Two plots 
yielding the largest number of specimens (adult and juvenile) were within 500 
and 600 m, respectively, of the coast, the former also provided O. annulipes, T. 
lyonneti, the third highest Z. nilicola count, and the highest U. rusticus count. 

Regional Distribution of Non-native Species. —The distribution of five of the 
non-native species, Z. nilicola, U. rusticus, T. lyonneti (Gnaphosidae), O. annu¬ 
lipes (Oecobiidae), and D. crocata (Dysderidae) was highly concentrated in re¬ 
gions along the MCBCP coast (Fig. IB, regions G, H). All five species co-oc- 
curred in four plots, two plots each in regions G and H. These four plots provided 
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the three greatest U. rusticus and greatest Z. nilicola specimen counts. One of the 
H plots provided the Metaltella simoni male and juvenile Trachyzelotes’, both H 
plots provided juvenile D. crocata. Interestingly, these latter plots also contributed 
a substantial percentage of the non-native Argentine ant (. Linepithema humile 
(Mayr)) specimens in pitfall samples. 

Common to all four plots was their lowland coastal location and close proximity 
to roads routinely traveled by military personnel. The two G plots were located 
500-600 m from the coast, between the 1-5 Freeway and a frontage road to the 
east (within 40 m of frontage road). They were characterized by relatively tall, 
dense shrub cover. The two H plots were located approximately 1.6 and 2.4 km, 
respectively, from the coast and approximately 1.5 km from military housing at 
San Onofre. These plots were characterized by an open, patchy shrub canopy with 
an annual grass/forb understory. 

Indications of Competitive Displacement by a Non-native Species. —The native 
gnaphosid species, Drassyllus insularis. occurred in all except six coastal plots. 
Three of these plots provided the highest specimen counts of U. rusticus (19, 17, 
and 13, respectively); all non-adult Drassyllus collected from these plots were 
penultimates of smaller species (most likely D. lamprus (Chamberlin) and D. 
fractus Chamberlin). In five of seven plots where the species co-occurred, only 
one U. rusticus specimen per plot was found in samples; in a sixth plot, only two 
were found. From the seventh plot (coastal), five U. rusticus were collected in 
addition to nine D. insularis. However, in the only other two coastal plots in 
which the species co-occurred, samples yielded substantially more D. insularis 
(12 and 18 specimens) than U. rusticus (2 and 1 specimen). Drassyllus insularis 
was abundant (10-25 specimens per plot) in several coastal plots in which U. 
rusticus was absent from samples. These data suggest to us that U. rusticus, when 
abundant in a given region, has displaced or is locally displacing D. insularis. 

Sampling Biases and Associated Observations. —Relative size differences be¬ 
tween spider and pitfall funnel diameter and the sedentary nature of both burrow¬ 
ing species and a number of ground dwelling web builders are two probable 
reasons for the absence of certain taxa in pitfall samples. The overall size and leg 
span of many mygalomorphs and relatively large araneomorph species may either 
enable them to negotiate the traps or to facilitate their escape (especially true of 
those species endowed with extensive tarsal scopulae). Females of burrowing 
araneomorphs, such as Geolycosa, some Lycosa, and Kukulcania, and mygalo¬ 
morphs rarely, if ever, wander far from the confines of their burrows, thereby 
avoiding the traps. 

One of three likely behavioral explanations for bias in vacuum sampling is the 
preference of certain spiders (i.e., L. hesperus ) for subterranean retreats or other 
crevices that impede the effectiveness of the vacuum. The second involves the 
habit of many aerial web builders and various arboreal hunters and ambushers to 
drop or jump suddenly from their positions under conditions of abnormally strong 
vibration, such as a vacuum tube would create when moved through the shrub 
layer. Thirdly, several species (i.e.. Olios ) likely to be taken by the vacuum sam¬ 
pling method when active, are nocturnal, hiding in crevices or beneath rocks by 
day when vacuuming was performed. A fourth bias in vacuum sampling involves 
the inherent ties between spider and web that prevent the vacuum from pulling a 
spider from a strong web or from breaking the web free from its attachment points. 
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This may, in part, account for the absence of larger spiders such as Araneus 
gemma (McCook), Neoscona crucifer a (Lucas), and L. hesperus from our sam¬ 
ples. 

Obvious to anyone interested in taxonomic surveys is the fact that no species 
list is ever complete. All possible biases cannot be controlled for when employing 
any given sampling method. We are not familiar enough with the behavior and 
biology of most spider fauna to know exactly what measures are necessary to 
maximize collections; hence, many co-occurring species may be left undiscovered 
(i.e., hand collected species on our list) during even the most intensive sampling 
efforts. Nevertheless, the faunistic list presented here is the most complete and 
comprehensive developed for this ecologically sensitive region of the country. 
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Abstract. —Information is presented concerning the species composition and seasonal appearance 
of Raphidioptera (snakeflies) and Neuroptera (lacewings and antiions) at the Hanford Nuclear 
Site located in southcentral Washington State. The Hanford Site represents one of the largest 
undisturbed remnants of a shrub-steppe habitat in the western United States and includes exten¬ 
sive Holocene and Recent sand dunes. A single snakefly [Raphidia bicolor Albarda] and 26 
species of lacewings and antiions were collected during the period 1994-1997. New distribution 
records for Washington are: Eremochrysa tibialis Banks (Chrysopidae); Sympherobius arizonicus 
Banks (Hemerobiidae); and Clathroneuria schwarzi (Currie), Brachynemurus sackeni Hagen, 
Psammoleon sinuatus Currie, Scotoleon nigrilabris (Hagen), and S. peregrinus (Hagen) (Myr- 
meleontidae). 

Key Words. —Insecta, Raphidioptera, Neuroptera, antiion, snakefly, lacewing, Hanford, biodi¬ 
versity. 


Penny et al. (1997) catalogued the Neuroptera, Megaloptera, and Raphidioptera 
of America north of Mexico. They listed 45 species in 23 genera and 11 families 
as occurring in Washington. Johnson (1995) reviewed the Columbia River Basin 
(including portions of Washington, Idaho, Oregon, and Nevada) fauna of Raphi¬ 
dioptera (snakeflies) and Neuroptera (lacewings and antiions) and found it to 
contain 86 species in 31 genera. The majority of his records are from Idaho, but 
the examination of collections at the University of Idaho and Washington State 
University added six species to the known fauna of Washington that are not listed 
in Penny et al. (1997). They are: Chrysopa nigricornis Burmeister, C. oculata 
Say, Chrysoperla downesi (Smith), Eremochtysa ( Chtysopiella ) minora (Banks), 
E. (Eremochrysa ) punctinervis (McLachlan) [Chrysopidae], and Myrmeleon exi- 
tialis Walker [Myrmeleontidae]. Although the number of species thus far recorded 
is noteworthy, general studies of neuropterans are lacking for the northwestern 
United States and the number of species eventually found may increase consid¬ 
erably. 

Larval habits of Raphidioptera and Neuroptera play important roles in overall 
distribution patterns within larger geographic areas. Snakefly larvae are terrestrial 
and are most often found among pieces of loose bark, in litter, and under rocks 
and debris on the soil surface. Immatures feed principally on other arthropods 
found in the larval habitat. Adults, which do not appear to disperse far from larval 
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environs, are also predaceous with similar feeding requirements as found in im- 
matures. 

Within the Neuroptera most larvae are predaceous but prey type taken by dif¬ 
fering taxa is diverse. Among the Coniopterygidae, Hemerobiidae, and Chryso- 
pidae one encounters primarily foliage inhabiting larvae that feed on stemorrhyn- 
chous Homoptera, especially aphids and to a lesser degree scales. Among adults, 
feeding habits vary widely with the coniopterygids being predaceous, the heme- 
robiids being predaceous but also taking pollen and nectar, and the chrysopids 
with taxa that share feeding strategies with the brown lacewings or feed on pollen 
or honeydew and nectar. 

The Myrmeleontidae, or antiions, have larvae that are almost totally restricted 
to sand or sandy soils where they live just below the surface and prey on virtually 
any item that they can grasp in their jaws and subdue. Myrmeleon larvae are 
known for the circular pits that they construct in the sand into which potential 
prey fall and are captured. Adult antiions are generally predators or omnivores. 

The Hanford Site .—Situated in the semi-arid Columbia Plateau Basin of south- 
central Washington State (Benton Co.), the 1450 km 2 of the Hanford Nuclear Site 
were closed to the general public in 1943. Originally acquired by the United States 
federal government as a site for the production of plutonium to be used in weap¬ 
ons production, the Site is currently administered by the Department of Energy 
for nuclear waste management, environmental restoration, and research and de¬ 
velopment. 

From an ecological standpoint, the placing of such a large tract of land virtually 
off limits to public access for over half a century has preserved a shrub-steppe 
ecosystem that has otherwise changed radically throughout the remainder of the 
Columbia Plateau. Hanford appears to serve as a refuge for many plants and 
animals, including insects, that probably were once more common throughout the 
Plateau but today are confined to small, remnant undisturbed tracts of land. 

Physiographically diverse, the Hanford Site consists of a steeply rising, north¬ 
east facing slope (Rattlesnake Ridge—1150 m) and extensive flats that slope gent¬ 
ly from 500 to 150 m before they reach the Columbia River. Vegetation is pri¬ 
marily a sagebrush-bitterbrush/Sandberg’s bluegrass-cheatgrass type; the general 
habitat is referred to as shrub-steppe (Daubenmire 1970). Several small, perma¬ 
nent springs with associated riparian areas are found in the southeast portion of 
the Hanford Site; this area is referred to as the Fitzner-Eberhardt Arid Lands 
Ecology Research Area (ALE). 

Climate at Hanford is best characterized as semi-arid with hot and dry summers 
and cold winters. Precipitation ranges from 30-35 cm at the crest of Rattlesnake 
Ridge to less than 12 cm in central Hanford and along the Columbia River. 
Temperatures range from an average of 3° C (36.7° F) in January to 33° C (91.8° 
F) in July; temperatures of 32° C (90° F) or above occur an average of 56 days 
per year (ERDA 1975). 

In addition to general surveys (ERDA 1975, Rogers 1979), specific groups of 
insects studied at Hanford include darkling beetles (Rickard et al. 1974, Rickard 
& Haverfield 1965, Rogers et al. 1978), ground dwelling beetles (Rickard 1970), 
grasshoppers (Sheldon & Rogers 1978) torymid wasps (Grissell & Zack 1996), 
weevils (O’Brien & Zack 1979), and shore flies (Zack 1998). The vascular plants 
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of Hanford are discussed in Sackschewsky et al. (1992). Aspects of flora and 
fauna are treated in Downs et al. (1993). 

This study was undertaken to provide as complete an inventory of the ento- 
mofauna of the Hanford Site as reasonably possible given financial, time, and 
taxonomic resources. The Hanford Site represents one of the largest and least 
disturbed areas of shrub-steppe habitat in the Pacific Northwest, Although public 
access to the Site currently is strictly limited because of security and safety con¬ 
cerns, the eventual disposition of these lands, after “clean-up” activities are com¬ 
pleted, is now being judged. Individuals making policy decisions on the direction 
of future land usage are using information generated through studies of the area’s 
biodiversity. 


Materials and Methods 

Snakeflies and non-antlion neuropterans were taken primarily through general 
collecting activities, principally the sweeping of vegetation. Although antiions 
were also taken by sweeping or by aerial net, primarily at dusk, most collections 
were made with light traps using a 150 watt mercury vapor lamp. All insect taxa 
were sampled through the period 1994-1997. However, more intense studies were 
conducted during 1996-1997. Through Mar to Nov 1996 we light trapped the 
extensive sand dunes that border the eastern edge of Hanford along the Columbia 
River and inland. A single site within the dunes (46°31.369' N 119°21.192' W) 
was sampled on a weekly to biweekly basis. 

During 1997, several xeric sites throughout central Hanford as well as the area 
adjacent to a permanent alkaline pond (West Lake—46°36.066' N 119°32.788' 
W) were sampled using a 160 watt mercury vapor lamp. Again, sampling was 
conducted on a weekly to biweekly basis. 

Voucher specimens of all taxa are deposited in the M. T. James Entomological 
Collection, Washington State University. 

Results and Discussion 

Raphidioptera 

Raphidiidae 

Raphidia bicolor Albarda. The only snakefly encountered at Hanford, adults 
were taken by sweeping sagebrush and other shrubs. Immatures assumed to be 
R. bicolor were also found on the same shrubs. This is a widespread species 
found throughout the semi-arid, open shrub habitats of the inland Pacific North¬ 
west and the western United States. 

Neuroptera 

Chrysopidae 

Chrysopa coloradensis Banks. Adults of this Great Basin species were taken 
throughout the Site from early May through mid-August. 

Chrysopa oculata Say. Adults of this transcontinental species were taken 
throughout the Site from early May through late August. 

Chrysoperla plorabunda (Fitch). The most commonly encountered species of 
green lacewing on the Hanford Site, adults were taken from mid-March through 
the end of October. This species occurs across North America. 
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Eremochrysa ( Chrysopiella ) minora (Banks). A single specimen of this rarely 
encountered western species was taken on 16 May 1994 while sweeping riparian 
vegetation along one of Hanford’s major spring systems. 

Eremochrysa ( Eremochrysa) punctinervis MacLachlan. The most commonly 
encountered species of Eremochrysa on the Site, E. punctinervis occurs through¬ 
out the western United States. It was taken from vegetation in both riparian and 
open shrub habitats. Specimens were taken from early May through mid-August. 

Eremochrysa ( Eremochrysa) tibialis Banks. A total of four specimens were 
taken between mid-July and mid-August while sweeping riparian vegetation along 
one of the Sites major spring systems. These collections represent a significant 
range extension for this previously southwestern species. 

Coniopterygidae 

Coniopteryx sp. Two specimens, taken while sweeping shrub vegetation in mid- 
April, appear to represent an undescribed species. The only previous Washington 
record of a coniopterygid is Conwentzia californica Meinander (Penny et al. 
1997). 

Hemerobiidae 

Hemerobius humulinus Linnaeus. One specimen of this widespread, Holarctic 
species (Nakahara 1965, Kevan & Klimaszewski 1987) was taken on 8 Jul 1994 
while sweeping riparian vegetation along a small spring situated at approximately 
1050 m in elevation. 

Hemerobius ovalis Carpenter. Four specimens of this widespread, northwestern 
United States and western Canada (Nakahara 1965, Kevan & Klimaszewski 1987) 
species were taken on the Site. Two of them were drawn to a mercury vapor lamp 
that was placed in an extensive sand dune habitat. Specimens were taken in mid- 
March as well as late October and early November. 

Hemerobius pacificus Banks. This is another widespread species known from 
western North America (Nakahara 1965, Kevan & Klimaszewski 1987). It was 
taken in riparian and non-riparian areas from mid-July through late September. 

Hemerobius stigma Stephens. A Holarctic species reported from most of the 
United States and transcontinental in Canada (Kevan & Klimaszewski 1987), it 
was the most widespread and commonly encountered Hemerobius on the Site. 
Specimens were taken from mid-May through mid-October. 

Micromus variolosus Hagen. A widespread species in the western United States 
and Canada (Carpenter 1940). Specimens were collected in early June and late 
July. 

Sympherobius arizonicus Banks. This primarily is a southwestern species pre¬ 
viously known from Arizona and southern California in the United States (Oswald 
1988). Two specimens were taken, one in mid-June and the second in late Sep¬ 
tember, from an arid, open shrub area located at approximately 200 m in elevation. 

Sympherobius killingtoni Carpenter. This is a widespread species found 
throughout the western United States but appearing more common in the south¬ 
west (Oswald 1988). A single specimen was collected on 18 July while sweeping 
weedy vegetation along a dirt road located at 400 m elevation. 

Sympherobius perparvus (MacLachlan). A widespread western and midwestem 
species (Oswald 1988) this was the most commonly encountered Sympherobius 
at the Site. It was collected from mid-April through mid-May. 
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Wesmaelius ( Kimminsia ) coloradensis (Banks). A single specimen of this west¬ 
ern species was taken while sweeping riparian vegetation along a high elevation 
spring (1050 m) in late July. 

Myrmeleontidae 

Brachynemurus abdominalis (Say). This is a widespread species in the western 
United States and was found throughout the Hanford Site. Not only was the 
species collected at mercury vapor lamps, but it was the only species of antiion 
that was taken more often by selective netting at dusk when it could be very 
common. It was also the only species of antiion not collected in the extensive 
sand dunes bordering the eastern edge of the Hanford Site. It was, however, very 
common in less sandy soils adjacent to the dunes. Brachynemurus abdominalis 
was taken from mid-June through mid-August. 

Brachynemurus blandus (Hagen). This western species was collected only in 
the extensive sand dunes bordering the Columbia River. All specimens were col¬ 
lected at mercury vapor lamps from late May through mid-June. 

Brachynemurus sackeni Hagen. Collected in the sand dunes and in xeric, sandy 
areas adjacent to the dunes, this early season western species was taken only at 
mercury vapor lamps and only during the period 19 May through 7 June. 

Chaetoleon pusillus (Currie). Collected only in the sand dune habitat and only 
at mercury vapor lamps. Specimens were taken on 13 Aug and 18 Sep 1996. 

Clathroneuria schwarzi (Currie). This western United States species was col¬ 
lected only once on 20 Jul 1995 while sweeping weedy vegetation along a dirt 
road located at 400 m in elevation in a sagebrush/bunchgrass area. 

Myrmeleon exitalis Walker. This species is widespread in the western United 
States. It was collected on the sand dunes as well as at other locations; a single 
specimen was taken on 5 Aug 1994 while sweeping riparian vegetation. The 
majority of specimens were collected at mercury vapor lamps, especially on the 
dunes, from mid-September through mid-October. 

Paranthaclis congener (Hagen). This large, western species was one of the 
more commonly encountered antiions and was collected at several locations 
throughout the Site. It was especially abundant on the sand dunes where it was 
attracted to mercury vapor lamps. Paranthaclis congener was taken consistently 
from late June through mid-August. 

Psammoleon sinuatus Currie. Only two specimens of this species were collected 
on 12 Jul 1995 at a mercury vapor lamp adjacent to a small spring system located 
at 500 m in elevation. This is the first collection of P. sinuatus north of Utah. 

Scotoleon nigrilabris (Hagen). This species is widespread in the western United 
States. It was one of the more common of the antiions taken, especially at, but 
not limited to the sand dunes. It was collected at several locations on the xeric, 
shrub flats in the northeastern portion of the Site. Specimens were consistently 
taken at mercury vapor lamps from mid-August through late September. 

Scotoleon peregrinus (Hagen). As was its congener, this was one of the more 
consistently and abundantly taken species, especially on the sand dunes. This is 
surprising since it was not previously known to occur within 500 km of Wash¬ 
ington. Although there is temporal overlap between S. nigrilabris and S. pere¬ 
grinus, the latter is much more abundant at the lights from mid-July through mid- 
August. However, occasional specimens of S. peregrinus were taken between mid- 
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June and early October. In contrast, S. nigrilabris was collected only between 28 
Aug and 18 Sep during 1996 and 1997. 

Discussion 

The 26 species collected in this survey include five that are transcontinental or 
Holarctic and 17 that are typical of arid to semi-arid regions in the western United 
States. Three members of the latter group had not previously been recorded from 
Washington. They are: C. schwarzi, B. sackeni, and S. nigrilabris. The Coniop- 
teryx sp. will also constitute a new state record when it is identified because C. 
californica is the only coniopterygid currently reported from Washington (Penny 
et al. 1997). 

More surprising was the discovery of four species previously known only from 
the southwestern United States. These species are: E. tibialis , S. arizonicus, P. 
sinuatus, and S. peregrinus. None of these was known north of Nevada or west 
of Wyoming. Thus, these collections represent range extensions of approximately 
500-1100 km for these species. 

That a survey of one area could add seven new state records and four major 
range extensions reaffirms the view that the neuropteroid fauna of the north¬ 
western United States remains poorly known. The delicate nature of neuropteroid 
specimens and an historic lack of identification keys that include all currently 
recognized taxa have contributed to this situation. However, taxonomic progress 
is being made. Thus, we anticipate the total of 58 neuropteroid species now known 
to occur in Washington will be further increased. 
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SAFE IMMOBILIZATION BY C0 2 OF LATRODECTUS 
HESPERUS (ARACHNIDA: THERIDIIDAE) 
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Abstract .—Western black widow spiders (Latrodectus hesperus Chamberlin & Ivie) can be han¬ 
dled safely following anesthesia using C0 2 gas. The spiders remain immobile for approximately 
one minute for each three minutes the gas is applied. For safety, the 99% confidence interval 
for this ratio is four minutes of gas: one minute of immobilization. These ratios appear to be 
independent of size for mature females with mass greater than 100 mg. 

Key Words. —Arachnida, Latrodectus, spider, black widow, anesthesia, C0 2 . 


The silks of the black widow spiders of the western United States, Latrodectus 
hes perus, Chamberlin & Ivie have unique material properties that make them 
worthy of study (Moore & Tran 1996). Techniques for forcible silking (Work & 
Emerson 1982; Thiel et al. 1994) have been used to draw silk directly from 
spinnerets of various spiders. These methods cannot be applied to black widows 
without careful consideration of a system of anesthesia to prevent toxic bites. C0 2 
has been used to anesthetize spiders (Baptista 1989) and insects (Turillazzi 1992). 
This study was undertaken to determine the range of dosages of C0 2 that provide 
a useful window of immobilization time in adult female L. hesperus. We present 
an estimate of minimum C0 2 dosage per time immobilized that can be used for 
safe handling of this species. 

Methods and Materials 

Specimens Used. —All experiments were performed on L. hesperus captured 
from several locations in Southern California, primarily the Bernard Biological 
Field Station of the Claremont Colleges, Claremont, and residential areas around 
the University of California, Riverside. Each individual was kept in its own glass 
tank which contained a bamboo frame to facilitate web building. The spider room 
was kept at a temperature of 19-21° C. The spiders were fed medium-sized cricket 
nymphs ad libitum ; the spiders ate them at a rate of about one cricket per week. 

Safety Precautions. —In order to prevent toxic bites, several precautions were 
taken. While handling and transporting the specimens, leather garden gloves and 
long-sleeved shirts or lab coats were worn. Specimens were transported in 400 
ml plastic containers with snap-on lids of the type used to store perishable foods. 
It is preferable to use containers with translucent lids that allow the spider’s 
position and activity to be seen before opening the container. Specimens were 
moved from web to transfer container (and back to its web following each trial) 
by gently prodding them with a soft-bristled paintbrush. 

For several minutes after transfer to the small container, the spiders spun lines 
of silk to connect themselves to their new substrate. This behavior pattern included 
circular spinning movements of the fourth pair of legs, which we used as the 
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baseline behavior upon which to judge whether the spider was under anesthesia 
or active. 

Anesthesia .—To anesthetize the spiders, C0 2 was introduced via wide-bore hy¬ 
podermic needle into the container inserted in one of two pinholes in the con¬ 
tainer’s lid. The regulator on the C0 2 tank was set to 2 p.s.i. The other pinhole 
was left uncovered to allow enough outflow of air so that the container’s lid would 
not pop open. For each trial, each spider was thus bathed in C0 2 for 15, 25, 35 
or 45 min. All trials were performed between 1000 and 1400, and all spiders 
were tested one at a time. 

At the end of each C0 2 exposure, the lid was removed from the container to 
expose the anesthetized spider to air. The mass of the spider was measured during 
the first two minutes of anesthesia. The time from exposure to air until the return 
of movement was then measured. The container holding the spider was given a 
sharp tap at the end of each 30-sec interval during the recovery period. Prelimi¬ 
nary experiments showed that the spiders generally required a stimulus following 
anesthesia to become active again. The time under anesthesia was recorded as the 
last 30-second “tap” before the spider resumed the circular leg-movements seen 
before C0 2 application. The specimens resumed normal activity upon being re¬ 
placed in their original webs following the trials, including web maintenance, 
prey capture, and egg case production. 

With the exception of one specimen which died between the first and second 
trial, and one which was available only for the 35 and 25 minute tests, all trials 
were done on the same set of spiders. Experiments were performed at least one 
week apart, and with a minimum of one feeding between tests, to allow full 
recovery. Between the first and second trial, one specimen produced an egg 
case. 

Regressions, correlations and curvefit analyses were done with SPSS for Mac¬ 
intosh and repeated using StatMost 32 for Windows. 

Results and Discussion 

The relationship between the length of time C0 2 was applied and the amount 
of time each spider remained anesthetized can be seen in Fig. 1. Curvefit analysis 
yielded the following power function: 

response (minutes) = 0.36-dosage (minutes) — 0.98. eqn. (1) 

Both the constant (0.36) and the exponent (0.98) were significant (.P < 0.01 and 
P < 0.001 respectively) and the P 2 -value for the curve was 0.74. 

Because the curve approached linearity, a linear regression was used, yielding 
the following estimate of slope: 

response (minutes) = 0.36-dosage (minutes) — 0.51. (P < 0.001) eqn. (2) 

The upper and lower bounds of the 99% confidence interval for this slope (0.36) 
are 0.48 and 0.24, respectively. The (—0.51) value for the Y intercept did not 
differ significantly from the origin (P > 0.05). The P 2 -value for the linear rela¬ 
tionship between dosage and response was 0.64. 

The above results are useful for developing protocols requiring the spider to 
be safely incapacitated. From the slope, it can be estimated that spiders will 
remain anesthetized for 1 minute for every 3 minutes of C0 2 application. Because 
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Minutes of C02 Treatment 

Figure 1. Relationship between dosage time (x-axis) and time until 1st movement. Error bars 
represent 99% confidence intervals. 

of the amount of individual variation from the curve for waking times (low R 2 - 
values, see above), this curve should only be used as an estimate. For safety, the 
lower bound of the 99% confidence interval of equation (2), slope of 0.24, can 
be used. This yields expected anesthesia in a ratio of approximately 1 minute for 
every 4 minutes of C0 2 dosage. 

Statistical tests were done to control for the effects of repeated use of the same 
specimens. Partial correlation between dosage and response controlling for spec¬ 
imen were only slightly different (P-value = 0.81) from the uncontrolled corre¬ 
lation (P-value = 0.80). Correlation between specimens and their dosage/response 
ratios across all four dosages approached but did not show a significant effect (P 
= 0.09). 

The masses of the spiders in the range tested (130—990 mg) had no apparent 
effect on their dosage responses to C0 2 . A correlation between dosage/response 
ratios and mass was insignificant (P = 0.32), and controlling for mass in a partial 
correlation between dosage/response ratios and mass yielded the same P-value 
(0.80) as in the uncontrolled test. Thus it appears to be unnecessary to find or 
estimate the mass of the spiders before determining the proper C0 2 dosage when 
using adult females with mass >100 mg. 

Based on metabolic data (Anderson 1970, 1994) from other theridiid spiders, 
including four other species of Latrodectus, it would not be prudent to assume 
this dosage/response relationship applies to other members of the genus. The 
metabolic rates (V0 2 /h) can vary as much as 50% between Latrodectus species 
even when adjusted for allometric differences. Assuming that the spiders’ re¬ 
sponse to C0 2 varies with C0 2 rates, the effects of this anesthetic treatment will 
vary in different species. 
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Abstract .—Eight hundred alkali bee (Nomia melanderi Cockerell) prepupae were collected from 
a nesting site in the fall of 1996. In the spring of 1997, 500 prepupae were randomly selected, 
weighed, and each was placed in an individual cell and reared to the adult stage. The develop¬ 
mental stage of each individual was recorded daily. Male prepupae were significantly heavier 
than female prepupae, there were no significant differences between sexes in development time, 
and no correlation between weight and development time for either sex under laboratory con¬ 
ditions of uniform temperatures. 

Key Words: —Insecta, alkali bee, Nomia melanderi , prepupae. 


Alkali bees {Nomia melanderi Cockerell) are valuable pollinators for alfalfa 
seed production in the Pacific Northwest (Johansen et al. 1982). They occur nat¬ 
urally in limited areas west of the Rocky Mountains. In nature, nesting is confined 
to places where the soil is sub-irrigated over a hardpan layer which leads to 
relatively bare alkali spots (Menke 1954). Alkali bees are managed for alfalfa 
seed pollination where alfalfa growers construct and maintain “bee beds” for 
these gregarious, soil-nesting, solitary bees (Johansen et al. 1982). Alkali bees 
overwinter as prepupae and adults emerge from the soil in late spring or early 
summer depending on temperature and moisture of the soils (Johansen et al. 
1978). 

Before the alfalfa blooms and prior to bee emergence, an insecticide is generally 
applied for control of insect pests. All insecticides used for pre-bloom are highly 
hazardous to alkali bees (Johansen & Mayer 1990). For bee safety, regulations in 
Walla Walla County, Washington require these to be applied before 23 May. This 
date is based on an average date of about 10 days before adult emergence. How¬ 
ever, if temperatures are cool or warm, first bee emergence may be anywhere 
from 25 May to 6 June. 

Recently, we initiated research to develop a day-degree model for adult alkali 
bee emergence to provide more accurate timing and flexibility for pre-bloom 
insecticide applications. As part of the study we conducted laboratory rearing of 
prepupae. This paper reports our male and female prepupae weight, development 
times and the relationship between prepupal weight and development time. 

Methods and Materials 

Eight hundred alkali bee prepupae were dug from the Kentch alkali bee bed at 
Touchet, Walla Walla County, Washington on 10 Sep 1996, placed together in 
Petri dishes and transported to the laboratory. They were held at 5° C and 40% 
RH for about 25 weeks in a refrigerator. On 9 Mar 1997, 500 were randomly 
selected and removed from the refrigerator. Each prepupa was weighed on a Sa- 
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Table 1. Comparison of alkali bee prepupal weights and development time by sex. 



Weight 

(g) 


Developmental times 



Sex 

Prepupa-pupae 

Pupae-adult 


Total 

Male 

0.164 ± 0.001a 

21.44 ± 0.392a 

14.4 ± 0.091a 

35.9 

± 0.380a 

Female 

0.158 ± 0.001b 

22.08 ± 0.564a 

14.6 ± 0.145a 

36.7 

± 0.536a 


a Means + SEM in the same column with the same letters did not differ significantly (P > 0.05, 
LSD [SAS Institute 1990]). 


torius electronic scale. Initial attempts to identify male and female prepupae ac¬ 
cording to the method of Nielsen & Bohart (1967) were unsuccessful. 

In order to keep track of individual bees each prepupa was placed in an indi¬ 
vidual cell of a plastic grid tray. The bees in the trays were placed in an incubator 
at 25° C and 100% RH. Bees were observed daily and the number of days till 
pupa and to adult was recorded for each bee. At emergence adults were identified 
as male or female and each bee weighed. 

A r-test (P > 0.05) was used mean comparison of prepupal weights and de¬ 
velopment period lengths between sexes. Regression analyses of development 
period length against prepupal weight were conducted (SAS Institute 1990). Co¬ 
efficient of determination values are included. 

Results 

Four hundred and sixty-five bees were successfully reared to the adult stage. 
The ratio of males to females was 2:1. The average weight of male prepupae was 
significantly higher than females (Table 1). There were no significant differences 
in the number of days from prepupa or pupa to adult or total developmental days 
between males and females (Table 1). Prepupal weight was not a determinant for 
either sex in the length of development time from prepupa to pupa* (r 2 = 0.0001), 
pupa to adult (r 2 = 0.0005) or prepupa to adult (r 2 = 0.003). The average weight 
of adult male alkali bees was 0.77 (range 0.63-0.98) g and the average weight 
of adult females was 0.81 (range 0.70-0.98) g. 

Discussion 

The sex ratio of 2:1 fits into the range reported by Johansen et al. (1978) of 
1.01:1 to 2.8:1. In a closely related species, N. triangulifera Vachal, the sex ratio 
varies from equality to slightly male-biased (Wcislo 1992). 

Frick (1962) reared alkali bees from prepupa to adult at 25° C. He reported an 
average time to adult of 37 d but did not separate by sex nor give the length of 
time spent in the pupal stage. He also suggested the optimum range for alkali bee 
development was 24° to 26.7° C. In our study the average time for both sexes 
reared at 25° C was 36.3 days. 

The development time of males and females was similar in our study. However, 
alkali bees exhibit protandry with males emerging from the soil several days 
earlier than females (Bohart & Cross 1955, Stephen 1959, Johansen et al. 1978, 
Mayer & Lunden 1993). We speculate that males may have a lower temperature 
threshold than females for the initiation of development and therefore emerge 
earlier. An alternative hypothesis is that females remain in the natal nest for some 
time before digging out. 
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Conclusions 

We found significant differences in prepupal weight between male and female 
alkali bees, no significant differences between sexes in development time from 
prepupae to adult, and no correlation between prepupal weight and development 
time to adult for either sex. 
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HIGH SEASONAL RAINFALL PRECEDES 
OLIARCES CLARA BANKS (NEUROPTERA: ITHONIDAE) 

SPRING EMERGENCE 
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Abstract .—Daily rainfall at climatological-data weather stations near collection localities of adult 
Oliarces clara Banks was examined to determine if spring emergences occurred in years follow¬ 
ing rainfall regimes favoring spring vegetative growth by desert shrubs including Larrea triden- 
tata (De Candolle) Coville, the insect’s suspected larval host Thirteen of 18 emergences ex¬ 
amined were preceded by individual rains with total rainfall exceeding thresholds (25 mm during 
autumn [21 September-10 December] or 50 mm during winter-early spring [11 December-10 
April]) stimulating plant development, and this proportion was higher than expected compared 
with the historical occurrence of similar high-rainfall events. The remaining five emergences 
were preceded by individual rains associated with plant growth during spring being variable or 
absent. Emergence by O. clara adults coincident with physiological development by desert 
shrubs may directly or indirectly provide soil-inhabiting larval offspring with a food supply of 
required abundance and quality. 

Key Words .—Insecta, Neuroptera, Ithonidae, Oliarces clara, precipitation, emergence. 


Oliarces clara Banks (Neuroptera: Ithonidae) is an insect inhabitant of the 
southwestern U.S. deserts that has attracted entomological attention due to its 
unique systematic position and its conspicuous swarms that occur following adult 
emergence from below ground. The species is the only ithonid found in America 
north of Mexico; two species separately are found in Mexico and Honduras (Pen¬ 
ny 1996) and 14 are found in Australia (Riek 1974). Oliarces clara diapause as 
mature larvae, and excavated larvae and empty cocoons have been found only 
near roots of its suspected larval host, Larrea tridentata (De Candolle) Coville 
(Zygophyllaceae) (Faulkner 1990). Adult O. clara , distinguishable when alive by 
their blue-green abdomens, emerge typically during April-May in large mating 
aggregations lasting up to 3 days (Faulkner 1990). Although the species has been 
known since 1908 (Adams 1950), its emergences have been infrequently observed 
due to their short duration, unpredictable occurrence, and spotty, widely scattered 
distribution across the Mojave, Colorado, and western Sonoran Deserts (Faulkner 
1990). The infrequent collections of O. clara have afforded the species the status 
of ‘G1G3’ (State of California 1998), signifying a conservation status ranging 
from critically imperiled to rare or uncommon but not imperiled (Master 1991). 

The unpredictability of O. clara spring emergence suggests climatic variation 
may influence whether emergence occurs in a given year. Of the three climatic 
variables most likely to influence an insect’s emergence during the spring, air 
temperature, insolation, and precipitation, only the latter would be expected to 
vary greatly between years in O. clara’s desert habitat. Indeed, O. clara emer¬ 
gences in 1949 and 1952 (see Table 1) were during years with unusually high 
precipitation (Belkin 1954). 

A model has been developed using seasonal rainfall to predict spring (March- 
May) growth of Mojave Desert plants, postulated to directly or indirectly also 





Table 1. 


Collections of Oliarces clara and nearby weather stations used for rainfall analysis. 


Date 


Collection locality 


Reference 


Weather station, NWS” no. 


Apr 1908? b 
23 Apr 1949 
25 Apr 1949 c 
25 May 1949 c 

28 Mar 1952 d 

29 Apr 1964 d 
17 Apr 1966 


Walter’s Station (Mecca), Riverside Co., CA 
Gila Mts. (24 1cm E of Yuma), Yuma Co., AZ 
Parker Dam, San Bernardino Co., CA 
Parker Dam, San Bernardino Co., CA 
Thousand Palms Canyon, Riverside Co., CA 
nr Palm Springs, Riverside Co., CA 
nr Palm Springs, Riverside Co., CA 


5 May 1973 
5 May 1973 
15 Apr 1974 
26-27 Apr 1976 


Parker, La Paz Co., AZ 

Black ML (21 km NE of Glamis), Imperial Co., CA 
Painted Canyon (nr Mecca), Riverside Co., CA 
Rice Valley (5 km S of Rice), Riverside Co., CA 


30 Apr 1976 
22 Apr 1978 

26 Apr 1978 

3 May 1979 e 
30 Mar 1980 

11 Apr 1983 
26 Apr-1 May 1983 

25 Apr 1992 


Deep Canyon (nr Palm Desert), Riverside Co., CA 
Black Mt. (21 km NE of Glamis), Imperial Co., CA 

Rice Valley (5 km S of Rice), Riverside Co., CA 

Black Mt. (21 km NE of Glamis), Imperial Co., CA 
Black Mt. (21 km NE of Glamis), Imperial Co., CA 

Telegraph Pass (30 km E of Yuma), Yuma Co., AZ 
Black Mt. (21 km NE of Glamis), Imperial Co., CA 

Lake Havasu City, Mohave Co., AZ 


11 May 1992 


Henderson, Clark Co., NV 


Belkin 1954 

Belkin 1954 

Carpenter 1951 

Adams 1950 

Belkin 1954 

Faulkner 1990 

D Faulkner, pers. comm., San Diego 
Nat. His. Mus. 

N. Penny, pers. comm., Calif. Acad. Sci. 

N. Penny, pers. comm., Calif. Acad. Sci. 

UC Riverside Entomol. Mus. 

D Faulkner, pers. comm., San Diego 
Nat. His. Mus. 

UC Riverside Entomol. Mus. 

D. Faulkner, pers. comm., San Diego 
Nat. His. Mus. 

D. Faulkner, pers. comm., San Diego 
Nat. His. Mus. 

N. Penny, pers. comm., Calif. Acad. Sci. 

D. Faulkner, pers. comm., San Diego 
Nat. His. Mus. 

UC Riverside Entomol. Mus. 

D. Faulkner, pers. comm., San Diego 
Nat. His. Mus. 

C. Olson, pers. comm., Univ. Ariz. Ento¬ 
mol. Mus. 

N. Penny, pers. comm., Calif. Acad. Sci. 


Indio, CA, 044259 
Yuma, AZ, 029657 
Parker, AZ, 026250 
Parker, AZ, 026250 
Indio, CA, 044259 
Palm Springs, CA, 046635 
Palm Springs, CA, 046635 

Parker, AZ, 026250 
Gold Rock Ranch, CA, 043489 
Indio, CA, 044259 
Blythe, CA, 040927 

Indio, CA, 044259 

Gold Rock Ranch, CA, 043489 

Blythe, CA, 040927 

Gold Rock Ranch, CA, 043489 
Gold Rock Ranch, CA, 043489 

Yuma, AZ, 029657 

Gold Rock Ranch, CA, 043489 

Parker, AZ*, 026250 

Las Vegas, NV, 264436 


a National Weather Service, National Oceanic & Atmospheric Administration. 
b Species described in 1908, collection year unknown; not included in x 2 tests. 
c Considered as the same emergence in rainfall analysis. 
d Specimens at Los Angeles Co. Mus. Nat. His., B. Brown, pers. comm. 
Additional specimen at U.S. Natl. Mus. Nat. His., N. Adams, pers. comm. 
f Rainfall data for Lake Havasu City, AZ during 1992 missing. 
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affect the phenology of desert animals (Beatley 1974). For shrubs, including L. 
tridentata, the model divided rainfall occurrences into two seasons: autumn (late 
September to early December), and winter-early spring (mid-December to early 
April). Autumn rainfall was most critical for spring growth by shrubs; a single 
rain >25 mm was by itself adequate to trigger physiological development during 
spring. If the critical autumn rainfall did not occur, a single winter-early spring 
rain of >50 mm produced abundant spring growth, and one of 25-50 mm pro¬ 
duced variable amounts of growth. Plants were dormant during spring if a single 
rain >25 mm did not occur during either season. The present study tests the 
hypothesis that recorded occurrences of O. clara are preceded by seasonal rainfall 
amounts favoring spring growth of desert shrubs as modeled by Beatley (1974). 

Materials and Methods 

Records of O. clara collections were cataloged (Table 1), and the National 
Weather Service climatological-data weather station closest to each collection lo¬ 
cality which provided daily rainfall records for September-April preceding the 
emergence year was determined. Emergences were combined if they occurred in 
the same year and were associated with the same weather station. Daily rainfall 
recorded at each weather station (Nat. Oceanic & Atmospheric Admin., Western 
Regional Climate Center, Reno, Nevada) was assumed to approximate daily rain¬ 
fall at the associated O. clara collection locality during the period examined, an 
assumption supported by September-April desert rains being frontal in origin 
rather than convective and therefore regionally distributed (Beatley 1974). Pre¬ 
ceding rainfall was divided into the two seasons described above using cut-off 
dates of 21 September-10 December for autumn and 11 December—10 April for 
winter-early spring. Maximum rainfall from a single rain (consecutive days of 
rainfall with no more than one consecutive day without rainfall) was determined 
during each season prior to each emergence. To compare rainfall amounts pre¬ 
ceding emergences with historical rainfall amounts, the frequency of each rainfall 
class (>25 mm autumn, >50 mm winter-early spring, <25 mm autumn and 25— 
50 mm winter-early spring, all autumn-early spring rains <25 mm) was deter¬ 
mined over each weather station’s period of record (Table 2). Rains crossing 
seasonal cut-offs were placed in the season including most of the event’s rainfall, 
and a year could count twice if it included a rain >25 mm during autumn and 
>50 mm during winter-early spring (3 occurrences at Palm Springs, California 
and 2 at Parker, Arizona). Frequencies were divided by the number of years 
examined at each weather station to adjust for different periods of record. Ad¬ 
justed frequencies were summed over weather stations and used to calculate ex¬ 
pected frequencies (3.2, 2.0, 3.3, 9.6, respectively) in each rainfall class. Expected 
frequencies were compared (y 2 tests; Snedecor & Cochran 1967) with frequencies 
of rainfall classes preceding O. clara emergences. Monthly rainfall (daily not 
available) prior to the 1908 O. clara species description of a specimen from 
Walter’s Station, California was examined during January-March 1905 and Oc- 
tober-March 1905-1908 (Nat. Oceanic & Atmospheric Admin., Nat. Climatic 
Data Center, Asheville, North Carolina) but not included in the y 2 tests. 

Results 

Oliarces clara spring emergences mostly occurred following seasonal rainfall 
patterns associated with vegetative growth by desert shrubs during spring (Fig. 
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Table 2. Frequency of years with autumn and winter-early spring individual rains meeting rainfall 
criteria 3 at seven weather stations near Oliarces clara collection localities. 


Weather station 

Period of record 0 


Frequency of years (adjusted h ) 


Autumn 

225 mm 

Winter-early 
spring 
>50 mm 

Autumn 
<25 mm & 
winter—early 
spring 

25-50 mm 

Autumn & 
winter-early 
spring 
<25 mm 

Blythe, CA 

1949-1997 

9 (0.19) 

3 (0.064) 

9 (0.19) 

26 (0.55) 

Gold Rock Ranch, CA 

1965-1996 

5 (0.16) 

3 (0.094) 

5 (0.16) 

19 (0.59) 

Indio, CA 

1928-1997 

11 (0.16) 

10 (0.15) 

8 (0.12) 

38 (0.57) 

Las Vegas, NV 

1949-1997 

7 (0.14) 

3 (0.061) 

11 (0.22) 

28 (0.57) 

Palm Springs, CA 

1927-1997 

16 (0.22) 

22 (0.30) 

16 (0.22) 

20 (0.27) 

Parker, AZ 

1901-1996 

20 (0.21) 

10 (0.11) 

27 (0.28) 

38 (0.40) 

Yuma, AZ 

1931-1992 

9 (0.15) 

0 (0.00) 

5 (0.085) 

45 (0.76) 


3 After Beatley (1974). 

b Frequency divided by no. years in period of record. 

c Missing years in period of record: Blythe, CA (1982, 1991); Indio, CA (1983-1985); Parker, AZ 
(1903, 1909-1910); Yuma, AZ (1955-1957). 

1). Thirteen of 18 emergences were preceded by rainfall patterns favoring plant 
development; seven emergences by an autumn rain >25 mm and six by a winter- 
early spring rain >50 mm. Four emergences (Parker Dam, Rice Valley 1976 & 
Black Mountain 1978, California & Lake Havasu City, Arizona) were preceded 
by a winter-early spring rain of 25-50 mm, associated with variable growth, and 
one emergence (Rice Valley 1978, California) was not preceded by rain >25 mm 
during either season, associated with plant dormancy. Frequencies of rainfall clas¬ 
ses preceding O. clara emergences differed (x 2 — 20.59, df = 3, P < 0.005) from 
expected frequencies of rainfall classes based on the historical record. Emergences 
therefore do not seem to occur randomly with respect to rainfall. When frequen- 



Figure 1. Maximum rainfall from individual rains during autumn (21 September-10 December) 
and winter-early spring (11 December-10 April) preceding Oliarces clara emergences. Dates shown 
on figure are the rainfall period. An individual rain ^25 mm during autumn or >50 mm during 
winter-early spring triggers spring growth by desert shrubs (Beatley 1974). 
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cies of high autumn and high winter-early spring rains were combined into one 
class, and frequencies of intermediate winter-early spring and low in both seasons 
rains were combined into a second class, rains preceding O. clara emergences in 
these two classes differed (x 2 = 16.73, df = 1, P < 0.005) from expected fre¬ 
quencies based on historical rainfall. Emergences therefore occurred more often 
following high autumn or winter-early spring rains, consistent with Beatley’s 
(1974) model predicting physiological activity of desert shrubs. When frequencies 
of high autumn, high winter-early spring, and low in both seasons rains were 
combined into a single class, rains preceding 0. clara emergences in this class 
and the frequency of intermediate winter-early spring rains did not differ (x 2 = 
0.19, df = 1, P > 0.05) from expected frequencies based on historical rainfall. 
Emergences did not occur more often following intermediate rains during winter- 
early spring, associated with subsequent variable growth by desert shrubs. Similar 
to the above pattern, total rainfall near Walter’s Station, California prior to the 
1908 species description was 51 mm during February 1905, 27 mm during No¬ 
vember 1905, 52 mm during March 1906, 48 mm during December 1906, and 
41 mm during October 1907, suggesting individual rains occurred exceeding sea¬ 
sonal thresholds stimulating plant growth. 

Discussion 

This analysis supports the hypothesis that 0. clara spring emergence is pre¬ 
ceded by high seasonal rainfall favoring physiological development by desert 
shrubs during spring. Accepting this hypothesis, however, does not establish a 
predictive relationship between prior rainfall and 0. clara emergence. A predic¬ 
tive relationship would require an accurate record of 0. clara emergence at several 
localities across several years. Instead, observations of 0. clara emergence have 
been sporadic for the reasons described above, and known non-emergence events 
typically are not documented. 

The occurrence of high rainfall associated with El Nino/Southem Oscillation 
(ENSO) weather events also does not provide a reliable predictor of 0. clara 
emergence based on available collection records. Six ENSO winters during 1951— 
1978 and 1982-1983 produced high rainfall in California (Schonher & Nicholson 
1989). Oliarces clara emerged following four of these winters (1951-1952, 1972- 
1973, 1977-1978 and 1982-1983), but also following four winters (1963-1964, 
1965-1966, 1973—1974 and 1975-1976) identified as not being high-rainfall 
ENSO events. 

Oliarces clara emergence coincident with physiological activity by desert 
shrubs agrees with the postulate that desert animal populations mirror success and 
failure patterns of desert plants (Beatley 1974). Food availability may be espe¬ 
cially critical to O. clara, because larval populations producing the large swarms 
of adults would require an abundant food supply. Besides greater abundance, new 
vegetative growth also may provide O. clara with a more suitable diet. For ex¬ 
ample, diet water content is a major determinant of larval growth rate (Scriber 
1984). Synchronizing adult emergence and oviposition with years producing am¬ 
ple growth, including roots, by desert shrubs would provide pre-diapause larval 
offspring with an immediate, predictable food source directly (if phytophagous) 
or indirectly (if mycetophagous on mycorrhizae or other fungi or predaceous on 
an intermediate herbivore). 
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In addition to ascertaining O. clara’s exact diet, the mechanism synchronizing 
adult emergence with food availability remains to be determined. Accounts of 
diapause termination triggered by soil moisture, particularly in larvae, frequently 
are confounded by the stimulating effects of moisture on insect development 
regardless of whether the insect actually is in diapause (under neurohormonal 
control) (Tauber et al. 1986). Although soil moisture may influence diapause ter¬ 
mination during high-rainfall years, the wide seasonal range of high-rainfall events 
(October-April, Fig. 1) in the present study compared with O. clara s narrow 
emergence period (April-May) suggests soil moisture alone does not terminate 
diapause. Instead, soil moisture retained across several months (see Ackerman & 
Bamberg 1974) may modify a more-reliable stimulus terminating diapause such 
as photoperiod, known to stimulate diapause termination in soil-inhabiting insects 
(Tauber et al. 1986). Gradual accumulation of thermal units during winter likely 
also would reduce the temporal range of O. clara emergence during spring. 
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Scientific Note 

NATIVE PARASITOIDS ATTACKING UROPHORA 
AFFINIS FRAUENFELD (DIPTERA; TEPHRITIDAE), AN 
INTRODUCED BIOLOGICAL CONTROL AGENT OF 
SPOTTED AND DIFFUSE KNAPWEEDS {CENTAUREA 
SPP.) IN THE UNITED STATES 

Urophora affinis Frauenfeld (Diptera: Tephritidae) was one of the first biolog¬ 
ical control agents of spotted and diffuse knapweeds ( Centaurea maculosa La¬ 
marck and Centaurea diffusa Lamarck) imported into North America, with initial 
Canadian and United States releases in 1970 and 1973, respectively (Maddox, D. 
M. 1979. U.S.A. Rangelands 1: 139-140). Urophora affinis induces the formation 
of galls in the receptacle tissues of knapweed seedheads that reduce seed produc¬ 
tion and deplete plant nutrients (Harris, R 1980. Z. ang. Entomol. 89: 504-514; 
Zwolfer, H. 1970. Weed Projects for Canada Progress Report No. XXV: 1-27). 
Urophora affinis has been widely released, and is now established throughout the 
northern half of the United States (Lang, R. F., R. D. Richard & R. W. Hansen 
1998. Great Lakes Entomol. 30: 105-113, Mays, W. T. & L. T. Kok. 1996. Bio¬ 
logical Control 6: 229-305; Wheeler, A. G. & C. A. Stoops. 1996. Proc. Entomol. 
Soc. Wash. 98: 93-99). 

In Europe, U. affinis may suffer over 50% larval mortality, primarily due to 
parasitism by Eurytoma spp. (Hymenoptera: Eurytomidae) and predatory Pyemo- 
tes spp. mites (Acarina: Pyemotidae) (Zwolfer 1970). In the United States, Gil¬ 
lespie (Gillespie, R. 1983. M. S. Univ. of Idaho, Moscow, Idaho) reported three 
native chalcidoid wasps parasitizing U. affinis in Idaho: Eupelmella (Hymenop¬ 
tera: Eupelmidae), Pteromalus sp. (Hymenoptera: Pteromalidae), and Tetrastichus 
sp. (Hymenoptera: Eulophidae). 

One-hundred to 450 spotted knapweed seedheads were collected in late winter 
or early spring from sites where established U. affinis populations were know to 
occur (Lang, R. F., R. D. Richard & R. W. Hansen. 1998). Seedheads were dis¬ 
sected and U. affinis and Urophora quadrifasciata galls counted and the seedheads 
were checked for other biocontrol agents. Metzneria paucipunctella (Zeller) were 
found in the samples from Washington and Chaetorellia acrolophi (White & 
Marquardt) were found in one sample from Montana. The remaining seedheads 
from the samples were placed individually in clear, 30-ml plastic cups and held 
at room temperature for five to seven months, after which time the cups opened 
and the contents examined for enclosed parasitoid adults. When suspected para- 
sitoids were recovered, the seedheads were checked for biocontrol agents. The 
Urophora galls were dissected and the contents examined for parasitoid exuviae 
in the galls. Parasitoid adults were mounted and submitted to the United States 
Department of Agriculture, Agriculture Research Service, Systematic Entomology 
Laboratory (Beltsville, MD) for identification. Parasitoid voucher specimens were 
retained at the United States Department of Agriculture, Animal Plants Health 
Inspection Service, Plant Protection Quarantine, laboratory in Bozeman, Montana. 

Spotted knapweed seedhead collections were made from 1988 to 1997 in eight 



Table 1. Parisitoids recovered from Urophora ajfinis by state, county, and release site from 1988-1997. 


State 

Year 

Number of 
seedheads 

Number of 
parasitoids 

County 

Release 

site 

Average 

U. affinis 
galls/seedhead & 
percent infested 

Parasitoid species 

Montana 

1988 

100 

0 

Flathead 

Hungry Horse 

3.7(76%) 

None 



1988 

200 

0 

Gallatin 

Griffin Drive 

6.24(98%) 

None 



1989 

140 

0 

Gallatin 

Griffin Drive 

unknown 

None 



1989 

456 

6(*5) 

Gallatin 

Belgrade RR 

2.74 

Torymidae: 








Microdontomerus 








anthonomi 








(Crawford) 


1989 

245 

1(*1) 

Powell 

Grant/Kohrs study 

2.79(88%) 

Pteromalidae: 








Mesopolobus sp. 

Montana 

1989 

306 

0 

Powell 

Grant/Kohrs RR 

3.80(96%) 

None 



1990 

245 

0 

Powell 

Grant/Kohrs study 

1.26(70%) 

None 



1990 

423 

3(*3) 

Gallatin 

Linear Park 

3.36(88%) 

Pteromalidae: 








Pteromalus sp. 

Washington 

1990 

400 

0 

Gallatin 

Belgrade RR 

2.50(82%) 

None 



1990 

450 

1(*1) 

Stevens 

No Name 

unknown 

Torymidae: 








M. anthonomi 









(Crawford) 


Minnesota 

1991 

50 

0 

Becker 

Tamarack 

0.52(28%) 

None 




1991 

50 

0 

Washington 

Lake Elmo Park 

1.20(42%) 

None 



South Dakota 

1991 

72 

0 

Tripp 

T98R78Sec25 

0.18(12%) 

None 



Montana 

1992 

216 

0 

Powell 

Grant/Kohrs study 

0.88(53%) 

None 


Montana 

1993 

100 

0 

Gallatin 

Sig Lumber 

3.00(84%) 

None 


Arizona 

1993 

50 

0 

Coconino 

Flagstaff 

0.02(2%) 

None 


Minnesota 

1993 

50 

0 

Becker 

Hubble Pond 

0.06(4%) 

None 



1993 

50 

0 

Polk 

Rydell NWR 

1.42(32%) 

None 



1993 

50 

0 

Polk 

Bradley CRP 

0.26(10%) 

None 
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Table 1. Continued. 


State 

Wisconsin 

Montana 

Nebraska 

Minnesota 

Montana 

Montana 

Wyoming 

Montana 


Year 

Number of Number of 

seedheads parasitoids 

County 

1993 

50 

0 

Washburn 

1993 

50 

0 

Waukesha 

1994 

111 

0 

Broadwater 

1994 

111 

0 

Gallatin 

1994 

100 

0 

Gallatin 

1994 

106 

0 

Jefferson 

1994 

50 

0 

Holt 


1994 

50 

0 

Holt 


1994 

50 

0 

Holt 


1994 

50 

0 

Holt 


1994 

55 

0 

Becker 


1994 

55 

0 

Otter Tail 

1995 

100 

0 

Broadwater 

1995 

55 

r- t - 

0 

Gallatin 


1995 

00 


0 

Park 


1995 

110 


0 

Gallatin 


1995 

110 


0 

Park 


1995 

55 


0 

Gallatin 


1995 

55 

0 

Gallatin 


1995 

110 

0 

Teton 


1995 

110 

0 

Teton 


1995 

110 

0 

Teton 


1995 

220 

0 

Johnson 


1996 

110 

0 

Park 


1996 

105 

0 

Gallatin 


1996 

160 


0 

Gallatin 


1996 

53 


0 

Gallatin 


1996 

112 


0 

Gallatin 


1996 

110 


1(*1) 

Gallatin 



1998 


Average 




U. affinis 



Release 

galls/seedhead & 



site 

percent infested 

Parasitoid species 


Washburn 

0.30(26%) 

None 


Waukesha 

0.10(10%) 

None 


Hamilton 

unknow'n 

None 



Spencer Smith 

unknown 

None 



Sig Lumber 

1.44(64%) 

None 



High Ore 

unknown 

None 



Glass Farm 

0.00 

None 



Ickes 

0.06(2%) 

None 



Donahoe 

0.00 

None 


GO 

Zimmer 

0.02(2%) 

None 


O 

a 

Hubble Pond 

0.18(18%) 

None 


m 

2 

Delagoon Park A 

2.18(82%) 

None 


H 

Winston 

2.48(80%) 

None 


9 

Irvine Bridge 

unknown 

None 


o 

Free River Fishing 




o 

Access 

3.08(92%) 

None 


d 

Spencer Smith 

unknown 

None 


w 

Grey Owl 

unknown 

None 



Glen Lake 

5.06(92%) 

None 



Sig Lumber 

2.33(84%) 

None 


#1 

0.68(38%) 

None 


#2 

0.40(24%) 

None 


#3 

0.80(46%) 

None 


V. A. Hospital 

unknown 

None 


Grey Owl 

2.41(76%) 

None 


Hamilton 

3.90(96%) 

None 


Logan Pt of Rocks 

4.28(88%) 

None 


Red Baron 

4.14(90%) 

None 


Droulliard 

0.54(42%) 

None 


Wildflower Lane 

4.67(95%) 

Pteromalidae: Table 

to 


Pteromalus sp. 






Table 1. Continued. 


State 

Year 

Number of 
seedheads 

Number of 
parasitoids 

County 

Release 

site 

Average 

U. affinis 
galls/seedhead & 
percent infested 

Parasitoid species 

Washington 

1996 

107 



0 

Spokane 

Liberty Lake #2 

3.30(92%) 

None 



1996 

110 


0 

Spokane 

Moab 

1.50(62%) 

None 



1996 

200 


2(*2) 

Pend Oreille 

Cambden 

2.02(66%) 

Pteromalidae: 










Pteromalus sp. 

Wyoming 

1996 

213 



0 

Johnson 

V. A. Hospital #1 

0.74(50%) 

None 



1996 

112 



0 

Johnson 

V. A. Hospital #2 

0.66(56%) 

None 


Montana 

1997 

55 



0 

Park 

West Site 

1.88(84%) 

None 



1997 

55 



0 

Park 

Grey Owl 

3.74(92%) 

None 


Montana 

1997 

55 



0 

Park 

Livingston 

2.20(70%) 

None 



1997 

110 



0 

Broadwater 

Hamilton 

1.40(64%) 

None 



1997 

55 



0 

Gallatin 

Logan Pt of Rocks 

1.06(46%) 

None 



1997 

55 



0 

Gallatin 

Red Baron 

unknown 

None 



1997 

55 



0 

Gallatin 

Droulliard 

unknown 

None 



1997 

55 



0 

Gallatin 

Red Baron 

unknown 

None 



1997 

55 



0 

Gallatin 

Droulliard 

unknown 

None 



1997 

115 



0 

Gallatin 

Wildflower Lane 

2.46(80%) 

None 



1997 

91 



2(*2) 

Gallatin 

Fairgrounds Caged 

3.28(84%) 

Pteromalidae: 










Pteromalus sp. 

Washington 

1997 

110 



0 

Pend Oreille 

Green Bluff 

3.73(86%) 

None 



* Number of seedheads that had parasitoid emergence. 


£ 
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states in the United States. A total of 63 seedhead samples were examined, with 
eight samples from two states yielding parasitoids (Montana 1989, 1990, 1996, 
and 1997; Washington 1990 and 1996) (Table I). The seedheads that had para- 
sitoid emergence were infested only with U. affinis and U. quadrifasciata. Evi¬ 
dence of parasitoid attack was found exclusively in U. affinis galls. These galls 
were hard shelled and without pappus on the terminal end of the gall. U. quad- 
rifasciata galls are thin walled, soft, and have pappus on the terminal end. At 
least three species from two families were collected Microdontomerus anthonomi 
(Crawford) (Hymenoptera: Torymidae), Mesopolobus sp. (Hymenoptera: Pter- 
omalidae), and Pteromalus sp. (Hymenoptera: Pteromalidae). The collection of 
M. anthonomi in 1989 represented a new Montana state record (Montana) and 
the first report of this species parasitizing Diptera (Turner, C. E, E. E. Grissell, J. 
P. Cuda, & K. Casanare. 1990. Pan Pacific Entomol. 66: 162-166). Two additional 
specimens were recovered from Gallatin Co., Montana in 1989, but were in such 
poor condition that positive identification was not possible. However, these spec¬ 
imens may represent a species in the genus Aprostocetus (Hymenoptera: Eulo- 
phidae) or another closely-related eulophid genus (E. Grissell, USDA-ARS-SEL, 
pers. comm.). No parasitoids enclosed from spotted knapweed seedhead samples 
collected in Arizona (1993), Minnesota (1991, 1993, 1994), Nebraska (1994), 
South Dakota (1991), Wisconsin (1993), and Wyoming (1995, 1996) (Table I). 

Parasitism of U. affinis appears to remain at extremely low levels, even after 
more than 20 years exposure (Maddox 1979) to the native parasitoid fauna in the 
two states where parasites were recovered. 

Acknowledgment. Richard W. Hansen for review of this note. 

Ronald F. Lang and Robert D. Richard, USD A, APHIS, PPO, Forestry Sciences 
Lab., Montana State University, Bozeman, Montana 59717-0278. 

Received 29 Mar 1998; Accepted 18 Jun 1998. 
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PROCEEDINGS OF THE PACIFIC COAST 
ENTOMOLOGICAL SOCIETY, 1997 

Five Hundred Thirty-Second Meeting 

The 532nd meeting of the Pacific Coast Entomological Society was held at 8:00 PM on the 17th 
of January 1997 in the Morrison Auditorium of the California Academy of Sciences, Golden Gate 
Park, San Francisco with President Warren E. Savary presiding. 

The Society was saddened to hear of the death of Dr. Kenneth S. Hagen. A long time member of 
the Pacific Coast Entomological Society, Dr Hagen served as president from 1968-1969. 

Dr. Kirby Brown presented an exhibit of cultural entomology, a 4-legged cockroach acquired from 
the Florida United Numismatists (F.U.N.) and Mr. Vincent F. Lee of the California Academy of Sci¬ 
ences announced the availability of a Digest of Cultural Entomology as well as a schedule of meetings 
of beekeepers and aquatic insects of San Francisco Bay. 

Dr. Steve Heydon of the Bohart Museum announced that a meeting of the Northern California 
Lepidopterists Society will take place, at the museum, on Saturday the 19th of January at 10:00 AM. 

Mr. William Hamersky, the Membership Chair proposed 4 new members: As regular members. Dr. 
Shaaban Abd-Rabou, Plant Protection Research Institute, Giza, Egypt, and Dr Glenn Fisher, Depart¬ 
ment of Entomology Oregon State University. As student members, Ms. Michelle L. Brewer from San 
Francisco State University, and Ms. Kate H. MacNeale from Cornell University. The new members 
were nominated and approved. 

The featured speaker, Dr. Nathan Schiff of the United States Department of Agriculture, Agricultural 
Research Service presented a slide lecture entitled “Entomological Encounters in Borneo.” Dr. Schiff 
chronicled his adventures collecting in some of the most remote areas of central Borneo and shared 
many of the unique cultural experiences encountered along the way. The Society welcomed his safe 
return and entertaining presentation. The meeting was adjourned at 9:45 PM and was followed by a 
social hour held in the Department of Entomology Conference Room. 

The following 54 persons were present: (40 members) The following 46 persons were present: (33 
members) C. B. Barr, L. G. Bezark, T. S. Briggs, K. W. Brown, R. M. Brown, L. Campos, A. E. 
Cognato, P. R. Craig, J. G. Edwards, N. E. Gershenz, C. E. Griswold, E. S. Herrington, M. A. Isaak, 
R. L. Langston, V. F. Lee, T. C. Meikle, M. H. Niehoff, S. T. O’Keefe, D. R. Parks, N. D. Penny, A. 
B. Rackett, K. M. Reynolds, K. J. Ribardo, R. G. Robertson, L. S. Saul, W. E. Savary, J. S. Schweikert, 
M. Sharp, E A. H. Sperling, R. E. Stecker, D. Ubick, S. E. Vaughn, and J. D. Wells; (13 guests) R. 
A. Aalbu, A. Alterman, E. Boseman, D. D. Giuliani, Slowinski, A. Smythe, and T. Wang. 

Five Hundred Thirty-Third Meeting 

The 533rd meeting of the Pacific Coast Entomological Society was held at 8:00 PM on the 21st of 
February 1997 in the Morrison Auditorium of the California Academy of Sciences, Golden Gate Park, 
San Francisco with President Warren E. Savary presiding. 

President Savary announced that an Executive Board meeting was held concerning the financial 
status of the Society. Some funds may be moved to accounts that will bring a greater return to the 
Society. Further developments will be announced as taken. 

Mr. Vincent E Lee made an announcement regarding the amber exhibit at the Academy which 
opened on February 15. He strongly recommended visiting the exhibit. The first issue of the Pan- 
Pacific Entomologist should be published next week and should be received in the mail shortly after¬ 
wards. He also presented a new book entitled “Neurobiology of an Insect Brain,” and announced that 
Dr. John Chemsak had published the first volume of the “Illustrated Revision of the Cerambycidae 
of North America”. Handouts were available upstairs in the Entomology Department. 

Mr. William Hamersky, Membership Chair proposed two candidates for membership: As a regular 
member, Dr. Peter J. Landolt of the Yakima Agricultural Research Laboratory Wapato, Washington, 
and as a student member, Mr. Robert D. Reed of Berkeley, California. Both memberships were voted 
on and approved. 

President Savary announced the CAS Fellow’s Science Day at the Academy. The subject of this 
year’s program is “Introductions to San Francisco Bay/Estuary System,” and is open to the public. 
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Dr. Norman Penny of the California Academy of Sciences announced that the Academy had two 
different sizes of boxes available for people to take for free. 

Mr. Curtis Y. Takahashi of the California Department of Food and Agriculture exhibited two books. 
The first was a Japanese book about insects, and the second was a newly published book entitled “An 
Inordinate Fondness for Beetles.” 

Ms. Leslie Saul-Gershenz presented a note on the progress made on the biodiversity inventory/ 
reforestation project in Guanacoste National Park in Costa Rica. Highlights of the work being per¬ 
formed by parataxonomists and the extreme conditions under which they work were shown. 

The featured speaker, Dr. Robert V. Dowell, Primary State Entomologist of the California Depart¬ 
ment of Food and Agriculture, Pest Detction/Emergency Project presented a slide lecture entitled 
“Y’all Come: Exotic Invertebrate Invaders of California from the Year 1500 to the Present”. Dr. 
Dowell explained that California has been a haven for travellers and, unfortunately these travellers 
have been responsible for introductions of foreign invertebrates and other organisms. For example, 
40% of the fish and 20% of the plants now extant in California are introduced. A total of 1332 
different species have been introduced with Homoptera (30%) and Coleoptera (15%) being the major 
orders represented. Some trends were evident in the success of these invaders. When ships used soil 
for ballast, many soil organisms were introduced. When water was used, marine introductions in¬ 
creased. Dr. Dowell explained that when people emigrated from different countries to live in California, 
they usually would bring something of home with them. With the varied imported plants that we grow 
here, it’s no surprise that introduced invertebrate species find a haven in California. The meeting was 
adjourned at 9:17 PM and was followed by a social hour in the Department of Entomology Conference 
Room. 

The following 48 persons were present: (38 members) C. B. Barr, K. Brown, B. Buickerood, A. I. 
Cognato, H. K. Court, P. R. Craig, L. W. Curie Jr., P. G. de Silva, B. Deutsch, N. E. Gershenz, C. E. 
Griswald, W. Hamersky, A. Horn, L. A. Irons, M. A. Isaak, B. Keh, B. Landry, R. L. Langston, Y. F. 
Lee, D. L. Mead, A. M. L. Penny, N. D. Penny, J. A. Powell, J. L. Rasgon, R. G. Robertson, L. S. 
Saul, W. E. Savary, K. A. Schwarz, J. S. Schweikert, W. D. Shepard, R. E. Stecker, C. Y. Takahashi, 
D. Ubicck, J. D. Wells, R. A. Worth, D. T. Wyatt, and R. L. Zuparko; (10 guests) N. E. Austin, R. 
Bandar, J. E. Court, E. Deutsch, E. Edelson, J. Honda, R. Plaster, J. Robertson, J. Scheiman, and J. 
Ward. 

Five Hundred Thirty-Fourth Meeting 

The 534th meeting of the Pacific Coast Entomological Society was held at 8:00 PM on the 21st of 
March 1997 in the Morrison Auditorium of the California Academy of Sciences, Golden Gate Park, 
San Francisco with President Warren E. Savary presiding. 

Recording Secretary, Mr. Stanley E. Vaughn proposed three new candidates for membership in the 
Society. As regular members, Dr. Tatyana I. Arefina, Laboratory of Freshwater Hydrobiology Vladi¬ 
vostok, Russia and Ms. K. Malia DeFelice of Half Moon Bay, California, and as a student member 
Mr. Steven M. Sanderson of Sacramento, California. The Society voted on and approved the new 
members. 

Dr. Felix Sperling of the University of California, Berkeley introduced Ms. Jeny Philips as a guest 
and announced that PCES member, Dr. Bernard Landry would be leaving Berkeley to engage in 
research in his native Quebec, Canada. The Society wished Dr. Landry well in his new endeavor. 

Ms. Laura Irons of San Jose State University announced that the SJSU Annual Overnighter to 
Arroyo Seco will be held on April 12-13. President Savary enthusiastically endorsed the occasion and 
cited the discovery of 5 undescribed species of spiders and a new record for scorpions taken from 
last year’s trip. 

President Savary asked if the Society would be interested in resurrecting the PCES Picnic/Collecting 
Trip from years past. Opinions and comments are to be forwarded to President Savary or Recording 
Secretary Stanley Vaughn. 

Dr. J. Gordon Edwards of San Jose State University presented an article taken from the San Jose 
Mercury News newspaper that detailed the story of a high school student who was disqualified from 
the Marin County Science Fair, as his project was judged to be cruel to animals. The young man’s 
project demonstrated the effect of radiation on fruit flies. 

The featured speaker, Dr. Jeffrey D. Wells of the University of California, Berkeley presented a 
slide lecture entitled “Conquering Flies: Chrysomya Moves Around the World.” Dr. Wells described 
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the invasion of the Western hemisphere, a type of biological pollution, of exotic species of blowflies 
that outcompete the native fauna. The Maggots of Chrysomya albiceps are predacious on other cal- 
liphorid larvae and is now thought responsible for the reduction in native blowfly populations in the 
Atlantic Islands of South America. Dr. Wells detailed the key morphological differences between 
Chrysomya species and, by utilizing polymerase chain reaction analysis of mitochondrial DNA, is 
developing a library of sequences for taxonomic study of the Calliphondae. The meeting was ad¬ 
journed at 9:05 PM and was followed by a social hour in the Department of Entomology Conference 
Room. 

The following 37 persons were present: (28 members) M. M. Amaud, P. H. Amaud Jr., C. B. Barr, 
L. G. Bezark, R M. Brown, M. S. Caterino, W. A. Doolin, N. E. Gershenz, D. F. Gross, A. S. Hunter, 
L. A. Irons, B. Landry, V. F. Lee, J. F. Parinas, A. M L. Penny, N. D. Penny, A. B. Rackett, J. L. 
Rasgon, R. G. Robertson, L. S. Saul-Gershenz, W. E. Savary, K. N. Schick, J. S. Schweikert, E A. 
H. Sperling, C. Y. Takahashi, D. Ubick, S. E. Vaughn, and J. D. Wells; (10 guests) N. E. Austin, D. 
Barbour, K. Hall, G. Legam, E. Liebman, S. T. O’Keefe, E. Phillips, R. D. Reed, and two illegible 
signatures. 


Five Hundred Thirty-Fifth Meeting 

The 535th meeting of the Pacific Coast Entomological Society was held at 8:00 PM on the 18th of 
April 1997 in the Morrison Auditorium of the California Academy of Sciences, Golden Gate Park, 
San Francisco with President Warren E. Savary presiding. 

President Savary announced that there will not be a Society meeting in May. In liu of. a meeting, 
a PCES Field Trip to Arroyo Seco, in the Los Padres National Forest will be hosted on the 14th and 
15th of June 1997. 

One new candidate was proposed for membership by Recording Secretary, Mr. Stanley E. Vaughn. 
The Society voted on and approved Dr. J. Robert Harkrider of Cypress College in California as a 
regular member. 

In anticipation of the evening’s program, there were no other announcements, notes, or exhibits as 
the featured speaker, Dr. Edward S. Ross, Curator Emeritus, Department of Entomology, California 
Academy of Sciences presented an engaging slide lecture entitled “More Adventures along Amazon 
Trails: Photographic Highlights of Two Recent Trips to the Rio Napo.” Dr. Ross illustrated the many 
life zones encountered and detailed the tremendous diversity of arthropods, while en route to the Rio 
Napo Research Station, with spectacular photography. Examples of such diversity was evidenced by 
a dozen different species of riodinid butterflies, all found at the Rio Napo facility. Outstanding ex¬ 
amples of crypsis and mimicry were also displayed en camera. The meeting was adjourned at 9:55 
and was followed by a social hour in the Department of Entomology Conference Room. 

The following 53 persons were present: (38 members) M. M. Amaud, P. H. Amaud Jr., C. B. Barr, 
L G. Bezark, T. S. Briggs, R M. Brown, J. S. Chinn, A I. Cognato, B. Deutsch, J. G. Edwards, S. 
V. Fend, M. Garcia-Vidal, M. A. Isaak, R, L. Langston, V. F. Lee, J. F. Parinas, A. M. L. Penny, N. 

D. Penny, A. B. Rackett, J. L. Rasgon, S. Renkes, K. M. Reynolds, K. J. Ribardo, R. G. Robertson, 

E. S. Ross, W. E. Savary, K. N. Schick, K. A. Schwarz, J. S. Schweikert, E. L. Smith, R. E. Somerby, 
R. E. Stecker, D. Ubick, S. E. Vaughn, R. A. Worth, D. T. Wyatt, and T. J. Zavortink; (15 guests) J. 
Beley, D. Fero, E. Horn, K. Horn, G. Huenemann, A. Johnson, J. Jose, A. Jung, S. S. Mead, J. Myatt, 
R. Myatt, S. Nguyen, S. Ross, G. Sher, and 1 illegible signature. 


Five Hundred Thirty-Sixth Meeting 

The 536th meeting of the Pacific Coast Entomological Society was held at 8:00 PM on 19 September 
1997 in the Morrison Auditorium of the California Academy of Sciences in Golden Gate Park, San 
Francisco with President Warren E. Savary presiding. 

Recording Secretary Mr. Stanley E. Vaughn proposed nine candidates for membership: As regular 
members; Mr. Jim Beley of Half Moon Bay, California, Mr. Nayeem Hoq of Rockville, Maryland, 
and Dr. Richard E. Rice from the Kearney Agricultural Center in Parlier, California. As student 
members; Ms. Laurie Campos of San Jose State University, Mr. Scott J. Fitzgerald From Colorado 
State University, Ms. Jennifer Gulbransen of San Francisco State University, Mr. Edward S. Herrington 
of San Jose State University, Ms. Anita L. Le Mon of San Francisco State University, and Ms. Cheryl 
A. O’Donnell of the University of California, Berkeley. All candidates were approved as members. 
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Dr. Norman D. Penny of the California Academy of Sciences introduced Dr. John Lawrence of 
Australia as a guest, as was Ms. Amy Powell and Mr. Ray Sukis. 

From the USDA-ARC in Albany, the Society welcomed Dennis Ferro and Adam Johnson. 

Mr. Daryl Ubick of the California Academy of Sciences passed along the sad news of the death of 
Mr. Vincent D. Roth. Mr. Roth was the long time director of the Southwest Research Station and 
among his many publications authored Spider Genera of North America. 

Mr. Vincent F. Lee of the California Academy of Sciences announced the publication of “California 
Academy of Sciences History 1853—.” 

Ms. Barbra Deutsch presented a slide note on a lyceanid, the Echo Blue being reared on Toyon, a 
predacious Grey Hair Streak caterpillar and asked for and received identification of a pyralid moth 
and chrysomellid beetle. 

The featured speaker, Dr. Diane Wagner of Stanford University, presented a slide lecture entitled 
“Ants, Acacias, and Lycaenid Butterflies: How Ants shape the Desert Community.” Dr. Wagner 
described some of the remarkable interactions between lycaenids, ants and the White Thom Acacia. 
The extra floral nectories that are tended by the ants have long been hypothesized as protection from 
herbivory. Dr. Wagner’s work on the White Thom Acacia and its ant symbiont, Formosa purpulosa 
indicate no significant differences in seed herbivory when the ants are present or absent. Interestingly 
enough seed production of the Acacia is increased when the ants are present It is hypothesized that 
the ants increase the fertility of the soil by bringing in nitrogen and phosphorus that result from ant 
activity. 

Dr. Wagner also described how F. purpulosa tends the Blue, Hemiarcus isola. Instars from the 
second molt and beyond secrete small amounts of amino acids from organs located between the 
posterior eversible glands. This relationship was demonstrated when Dr. Wagner recorded the sounds 
produced by the caterpillars. When disturbed, Hemiarcus produces a sound that attracts the ant to its 
secretory organs. This remarkable observation may be a form of interspecial communication. 

The meeting was adjourned at 9:15 PM and was followed by a social hour in the Department of 
Entomology Conference Room. 

The following 46 persons were present: (33 members) C. B. Barr, L. G. Bezark, T. S. Briggs, K. 
W. Brown, R. M. Brown, L. Campos, A. E. Cognato, P. R. Craig, J. G. Edwards, N. E. Gershenz, C. 
E. Griswold, E. S. Herrington, M. A. Isaak, R. L. Langston, V. F. Lee, T. C. Meikle, M. H. Niehoff, 
S. T. O’Keefe, D. R. Parks, N. D. Penny, A. B. Rackett, K. M. Reynolds, K. J. Ribardo, R. G. 
Robertson, L. S. Saul, W. E. Savary, J. S. Schweikert, M. Sharp, F. A. H. Sperling, R. E. Stecker, D. 
Ubick, S. E. Vaughn, and J. D. Wells; (13 guests) R. A. Aalbu, A. Alterman, E. Boseman, D. D. 
Giuliani, P. Jackson, J. Jose, L. Kennedy, J. E. Lattke, J. Ledford, J. Paciulli, J. Slowinski, A. Smythe, 
and T. Wang. 

The Five Hundred Thirty-Seventh Meeting 

The 537th meeting of the Pacific Coast Entomological Society was held on the 17th of October 
1997 in the Morrison Auditorium of the California Academy of Sciences, Golden Gate Park, San 
Francisco with President Warren E. Savary presiding. 

Dr. Norman D. Penny of the California Academy of Sciences introduced Dr. Joseph Slowinski of 
the CAS, Department of Herpetology as a guest of the Society as did Dr. J. Gordon Edwards of San 
Jose State University, who introduced Ms. Epifany Bosman, Mr. Jim Pecculli, and Mr. Patrick Jackson 
all from SJSU. 

Ms. Laurie Campos and Mr. Anthony Cognato announced that T-shirts from San Jose State Uni¬ 
versity and the University of California, Berkeley Entomology Clubs would be for sale during the 
social hour following the meeting. 

Mr. Ron Robertson presented a slide note taken from his August trek to Arizona illustrating a sesiid 
at rest, a bird dropping mimic, a thyridid moth, a lymnadid and of course a noctuiid. 

Mr. Larry Bezark of the California Department of Food and Agriculture announced the passing of 
Mr. Dave Moss, an enthusiastic collector and an alum of San Jose State University. 

The featured speaker, Dr. Rolf Aalbu, presented a slide lecture entitled “Comparing Global Biodi¬ 
versity: Phylogenetics, Sand Dunes and the Blauplan Concept.” Dr. Aalbu elaborated on biodiversity 
as a concept, as a social or political catchphrase, and as a measurable entity. Many dimensions or 
levels of measurement can be quantified when comparing global biodiversity. Genetic and morpho¬ 
logical charactors, and species and ecosystem diversity are examples of such measures. Dr. Aalbu 




232 


THE PAN-PACIFIC ENTOMOLOGIST 


Vol. 74(4) 


examined phylogenetic richness rather than species as a measure of diversity and introduced using the 
Blauplan concept of applying biology with biologically induced similarities as a supplement to other 
phylogenetic charactors. Utilizing the Blauplan for global and system measures offers criteria that can 
be used for quick assessment in comparative studies. 

The meeting was adjourned at 9:18 and was followed by a social hour in the Department of 
Entomology Conference Room. 

The following 46 persons were present: (33 members) C. B. Barr, L. G. Bezark, T. S. Briggs, K. 
W. Brown, R. M. Brown, L. Campos, A. E. Cognato, P. R. Craig, J. G. Edwards, N. E. Gershenz, C. 
E. Griswold, E. S. Herrington, M. A. Isaak, R. L. Langston, V. F. Lee, T. C. Meikle, M. H. Niehoff, 
S. T. O’Keefe, D. R. Parks, N. D. Penny, A. B. Rackett, K. M. Reynolds, K. J. Ribardo, R. G. 
Robertson, L. S. Saul, W. E. Savary, J. S. Schweikert, M. Sharp, E A. H. Sperling, R. E. Stecker, D. 
Ubick, S. E. Vaughn, and J. D. Wells; (13 guests) R. A. Aalbu, A. Alterman, E. Boseman, D. D. 
Giuliani, P. Jackson, J. Jose, L. Kennedy, J. E. Lattke, J. Ledford, J. Paciulli, J. Slowinski, A. Smythe, 
and T. Wang. 


Five Hundred Thirty-Eighth Meeting 


The 538th meeting of the Pacific Coast Entomological Society was held at 8:00 PM on the 21st of 
November 1997 in the Morrison Auditorium of the California Academy of Sciences, Golden Gate 
Park, San Francisco with President Warren E. Savary presiding. 

Mr. Vincent F. Lee of the California Academy of Sciences proposed four candidates for membership: 
Mr. Adam M. Altman of SFSU; Mr. Michael Delmas of Rhonert Park, California; Ms. Josephine Jose 
of SJSU, and Mr. Terrence P. McGlynn (for 1998) of the U of Colorado. All were elected as student 
members. 

Present as guests of the Society were: Mrs. Iran Brown, Ms. Deanna Jackson of SFCC, Mr. Josh 
Hrbek and Dr. Su Ahn Cho of UC Berkely. 

Dr. William Shepard of Sacramento State University announced that the Digest of Cultural Ento¬ 
mology featuring Lepidoptera would be available for perusal during the Social hour following the 
meeting. 

Dr. Norman D. Penny of the California Academy of Sciences announced an employment opportunity 
as a curatorial assistant with the Academy and Dr. David Kavanaugh reminded those in attendance to 
examine the Academy’s Department of Entomology web page. 

Dr. Jerry Powell of the University of California, Berkeley presented a slide note on Pyrostra vol- 
upialis and, as the featured speaker, gave an entertaining presentation entitled “Biogeography of the 
Lepidoptera Fauna of California’s Channel Islands.” Dr. Powell described the natural history of the 
Channel Islands from geologic origins, some 16 million years ago, to the stabilization of endemic 
species of Lepidoptera. The introduction of imported predators on endemic flora, such as sheep, deer 
and goats has virtually wiped out much of the native plant life on most of the islands. Dr. Powell 
explained that an ongoing survey has catalogued approximately 750 species of Lepidoptera while less 
than 2% of the current plants are native. 

The meeting concluded at 9:12 and was followed by a social hour in the Department of Entomology 
Conference room. 

The following 30 persons were present: (24 members) A. M. Alterman, M. M. Amaud, P. H. Amaud 
Jr., J. S. Chinn, L. W. Currie, M. Delmas, B. Deutsch, J. G. Edwards, E Ennik, S. V. Fend, J. 
Gulbransen, J. E. Hafemik Jr., M. A. Isaak, J. Jose, A. L. Le Mon, V. F. Lee, D. R. Parks, A. B. 
Rackett, S. Renkes, W. E. Savary, M. Sharp, R. E, Stecker, D. Ubick, and S. E. Vaughn; (6 guests) 
R. A. Aalbu, M. Delmas, G. Hannon, L. A. Solorzano, P. Schlemmer, and B. Wang. 


Five Hundred Thirty-Ninth Meeting 

The 539th meeting of the Pacific Coast Entomological Society was held at 8:00 PM on the 12th of 
December 1997 in the Blakeslee Room of Thomton Hall, San Francisco State University in San 
Francisco, with President Warren E. Savary presiding. 

Managing Secretary, Mr. Vincent F Lee proposed two candidates for membership in the Society. 
Mr. Christopher A Pearl of the University of Oregon and Mr. Steven M Sanderson of CSU Sacramento 
were approved as student members. 

Dr. John Hafemik of San Francisco State University introduced Mr. Gene Hannon and Mr. Ben 
Wang, both from SFSU. 
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Mr. Daryl Ubick of the California Academy of Sciences exhibited a poster of the spiders of New 
Zealand, and President Warren E. Savary displayed several books on the New Zealand fauna as well. 

Ms. Barbra Deutsch presented a rendering of a monarch butterfly on a t-shirt and announced that 
the Monarch Sanctuary Foundation is developing a new website. Ms. Deutsch also gave an update on 
the Monarch Conference held in Morailia, Mexico. 

President Warren E. Savary announced a call for papers for the 1998 Invertebrates in Captivity 
Conference to be held in Tucson, Arizona July 30—August 2. 

The featured speaker. President Warren E. Savary presented a slide lecture entitled “Mucking About 
in the Humus: An Entomologist’s View of New Zealand.” Mr. Savary led the audience on a tour of 
the geography and biology of native and introduced plants and animals of New Zealand. The meeting 
was adjourned at 9:38 PM. 

The following 30 persons were present: (24 members) A. M. Alterman, M. M. Amaud, P. H. Arnaud 
Jr., J. S. Chin, L. W. Currie Jr., M. Delmas, B. Deutsch, J. G. Edwards, F. Ennik, S. V. Fend, J. 
Gulbransen, J. E. Hafernik Jr., M. A. Isaak, J. Jose, A. L. Le Mon, V. F. Lee, D. R. Parks, A. E. 
Rackett, S. Renkes, W. E. Savary, M. Sharp, R. E. Stecker, D. Ubick, and S. E. Vaughn; (6 guests) 
R. A. Aalbu, M. Delmas, G. Hannon, L. A. Solorzano, P. Schlemmer, and B. Wang. 
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